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Committee on Research, Federation of Sewage Works Associations 


CHEMISTRY AND BrIoLoGcy 


From year to year the amount of fundamental research and experi- 
mentation increases, but in many instances does not keep pace with the 
rapid growth of the field. Nevertheless, during the year a number of 
individual studies have been published which throw new and more light 
on the various theories, processes and procedures. In the problem of 
stream pollution, trade waste treatment comes more and more to the 
fore; not because trade waste treatment is progressing at a greater rate 
than sewage treatment, but because with the gradual cleaning up of 
sewage pollution, the problem of industrial waste pollution and its 
treatment stands out. For this reason the section on trade wastes has 
been expanded with the hope that the information will stimulate more 
experimental work and indicate the proper place of trade waste treat- 
ment in the whole problem of cleaner streams. 

ZoBell (189) has nearly one hundred new species of bacteria char- 
acterized which grow in nutrient seawater media but not in correspond- 
ing fresh water media. The paucity of bacteria in seawater is at- 
tributed primarily to the lack of surface-active solids, which seem to be 
requisite to the multiplication of bacteria in dilute nutrient solutions. 

It has been known for some time that the bacterial population of 
stored lake water is many times greater than that found in the lake 
itself. Inereasing the area of solid surface per given volume of lake 
water was found by growth curve studies (158) to increase the number 
of bacteria in stored water; this supports ZoBell’s results with ocean 
water studies. To determine if accumulation of organic matter upon 
the surfaces might be the mechanism of surface effect, a method was 
developed based upon oxidation of the organic matter with a sulfuric 
acid-potassium dichromate reagent. 

The accumulation was detected upon slides sterilized and suspended 
in sterile lake water, showing that accumulation is independent of and 
precedes bacterial growth. It would seem then that surfaces by ac- 
cumulation provide a suitable concentration of nutrient material for 
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greater bacterial development; and that although there is sufficient 
nutrient material in lake water for greater numbers of bacteria than 
are found naturally, the low concentration of this nutrient material is 
one of the important factors controlling the growth of bacteria in the 
open lake. ZoBell (190) finds that although the oxygen content of 
seawater is a factor which influences the activity of bacteria, it does 
not account for the denser bacterial population which appears in 
samples as compared with the original body of water. Solid surfaces 
are necessary for a holdfast. These findings fit in nicely with the 
newer studies on activated sludge discussed elsewhere in this review. 

For years it has been known that phenols are readily destroyed by 
bacteria. It has been suggested that there must exist a definite physi- 
ological group of bacteria that is intimately connected with the destruc- 
tion of phenols. It has now been suggested (23) that this should be 
extended to indophenols. The first step in the decomposition of the 
indole present in sewage in trickling filters, namely oxidation of indole 
to indoxy] or indogotin, is by a minor group of organisms, the Cocci. 

Berl and Koerber (14) isolated a cellulose-fermenting bacillus from 
horsedung which decomposed about 70 per cent of the cellulose with the 
production of volatile and non-volatile acids and alcohol. 

A new theory, or rather expansion of a theory regarding coagula- 
tion, is propounded by Ostwald (129). The question is raised as to 
what actually happens during the coagulation of a hydrophobie sol by 
neutral salts. The answer is: the coagulating forees seem to be the 
same as the inter-ionic attraction forces between ions of the dispersed 
medium. This results from the fact that the coefficient of activity, the 
measure of these forces, also plays a predominant role in coagulation. 
It may not be that the entire mechanism is as simple as the procedure 
looks. The new theory is not contrary to the attempts to evaluate the 
role played by the double layer between the dispersed part and the dis- 
persion medium. The difference is that the double layer is looked upon 
‘as an interposed apparatus of the dispersion medium and not as the 
coagulating motor itself. The dispersion medium brings about the co- 
agulation and not the double layer. The author states ‘‘It is the arm 
that hits and not the cane.’’ 

Sewage and effluents have been used for agricultural purposes for 
many years. It appears that the sewage and sludge contains various 
growth promoting substances, which may be valuable when the ma- 
terials are used for irrigation, soil building or fertilizer (141) (142). 


Metruops anp Lasporatory PROCEDURES 


During the past year there have been few reports published of stud- 
ies concerned with improvements in existing laboratory methods or the 
development of new procedures for the examination of sewage. 

Little information is available concerning the viscosity of sewage 
sludges and its effect on friction losses. Hatfield (67), studying the 
viscosity or pseudo-plastic properties of sludge, finds that the apparent 
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viscosity decreases as the rate of shear and shearing stress increases. 
When the sludge is stirred, shaken or violently mixed the viscosity de- 
creases. The sludge moves with increasing difficulty when the per- 
centage solids increase. 

Bloodgood (17) (18) has described in detail the construction of a 
machine which will determine sludge activity. He defines sludge ac- 
tivity as the rate of oxygen consumption by the activated sludge plus 
sewage minus the consumption by the sludge alone, all measured in 
parts per million per hour. For the Indianapolis plant, best results 
are obtained when the sludge activity is between 70 and 100 p.p.m. per 
hour, based on tests using a sludge with a concentration of 0.5 per cent 
solids and a synthetic sewage. 

Although the methods for the determination of dissolved oxygen in 
water and sewage have been the source of much investigation, Ruchhoft 
(136) and others have developed the technique further by the use of 
sodium azide for the elimination of nitrite interference in the Winkler 
method. Thus preliminary oxidation by potassium permanganate is 
not required and the total time for conducting the test is correspond- 
ingly shortened. Since the sodium azide is not affected by organic 
matter, higher oxygen concentrations more comparable with the actual 
values are determined by this modified procedure. 

Payne (131) came to the conclusion that standard lactose broth was 
more suitable for the detection of Bact. coli than the modified Eijkman 
procedure for the examination of oysters, clams and shellfish growing 
waters. The Kijkman test inhibited the growth of some strains of 
Bact. coli and failed to eliminate some non-coli member of coli-aerogenes 
group. 

According to Glangeand (52) in the Girond Estuary there are four 
types of variations in the suspended matter: (1) instantaneous ones due 
to whirlpools; (2) daily ones caused by the sea; (3) irregular ones due 
to floods; and (4) seasonal variations. 

Since the Collet bottle gives only instantaneous values, it was decided 
to provide an apparatus which would collect the suspended matter in 
200 liters of water taken from a known depth during a 10-minute period. 
The water is pumped from the river at fixed depth and emptied into a 
funnel, from here it passes through a series of four cone-shaped eylin- 
ders of increasing diameter, and is finally discharged in a large cylinder. 
In this last eylinder are found only the very fine particles and colloids. 
After a period of 24 hours, the sediment is removed, filtered, dried and 
weighed. 

A diagram of the apparatus is given together with some figures com- 
paring results obtained by use of a Collet bottle and by use of the new 
apparatus. 

SEDIMENTATION 


The model studies by Hubbell (84) (85) of the proposed grit 
chambers and later of the settling tanks for the Detroit, Michigan, sew- 
age treatment project appear to be the outstanding accomplishments in 




















the field of sedimentation during the past year. In both these studies 
dyes were used effectively to study the hydraulic characteristics of the 
proposed units. Small scale models were constructed and were oper- 
ated in accordance with Froude’s law. 

The grit chamber model (84) was built to a seale of 1:15 to repre- 
sent a prototype 16 ft. wide by 16 ft. deep and 100 ft. long with a rack at 
the inlet end. Coloring matter moved with an approximately vertical 
front through the chamber, the first color passing in 74 per cent of the 
theoretical detention period, the center of mass in about 90 per cent 
and the last color in 130 per cent of the theoretical time. The excellent 
flow distribution was attributed to the presence of the rack at the inlet 
end. In order to study grit removal in the model an unsuccessful effort 
was made to simulate the grit with very fine quartz sand. 

Subsequent field tests on grit removal were made by Hubbell at the 
existing grit chambers at Dearborn and Grand Rapids. At each of 
these plants, one chamber was taken out of service, cleaned and 
equipped with suitable baffles and weirs to control the depth and velocity 
at desired values. Sewage was then allowed to flow through the 
chamber and after flow became steady, several hundred pounds of sand 
of known weight and sieve analysis were shoveled into the inlet channel 
and allowed to deposit in the chamber. When all the sand was settled, 
the flow was diverted and the chamber drained. The chamber was di- 
vided along its length into 10 ft. sections, and the sand which had de- 
posited in each section was weighed and analyzed as to size distribution. 
From the results of these measurements, the removal of grit in the 
proposed Detroit chambers was estimated. 

In a discussion of Hubbell’s paper, Camp (24) showed that the actual 
removal of sand in the Dearborn and Grand Rapids chambers was 90 
per cent and 93 per cent, respectively, of the removal predicted by means 
of the simple theory of sedimentation of discrete particles. Thé agree- 
ment is considered to be very good in view of the fact that the simple 
theory does not account for the effects of short circuiting and trans- 
portation in suspension by turbulence. A method for correcting the 
theoretical removal for the effects of short circuiting was described. 
Further studies have been made by Rouse (135) upon the effect of 
turbulence on the sedimentation of discrete particles. Papers which 
throw some light upon transportation of discrete particles in suspension 
and along‘the channel bottom were presented by Chang (28) and by 
Howard (83). 

Hubbell’s (85) model studies of circular primary settling tanks for 
the Detroit sewage works give much needed information regarding the 
hydraulic characteristics of radial flow tanks. The model was con- 
structed at a seale ratio of 1:24 to represent a tank having a 200 ft. 
diameter and an average depth of about 14 ft. The manufacturer’s 
design for the standard or conventional type inlet consisted of a 7 ft. 
tunnel feeding into a 90° elbow of 5 ft. radius with a vertical, slightly 
diverging riser, on which was set a standard type diffuser consisting of 
vertical ports between columns supporting a baffle dise at the top. The 
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28 diffuser was surrounded by a solid baffle ring 32 ft. in diameter and 
1e extending from above the water surface to within 6 ft. of the bottom of 
Fe the tank. Dye studies with this type of inlet indicated a strong tend- 

ency for the sewage to short-cireuit towards the side of the tank away 
e- from the inlet tunnel. Strong currents were noted in a direction down- 
ut ward from the ring baffle and outward along the bottom, with return 
al rollers above directed toward the inlet and affecting the central area 
le comprising half the total area. At the maximum discharge rate, the 


{ first dye passed in 12.7 per cent of the nominal detention period and 
t velocities near the floor just outside the baffle were about 20 to 30 times 
rt the nominal average velocity. The flowing-through period was about 
t 85 per cent of the theoretical time but was variable due to the unstable 
character of the flow. 


e A new inlet was developed experimentally by Hubbell after trying 
if many different schemes. For Detroit conditions, the 90° elbow was 
d found to be unsuitable; and it was recommended that the tunnel should 
V end in an abrupt enlargement into a circular well provided with ver- 
e tical guide vanes extending up into the riser. The conventional dif- 
d fuser was replaced in the model with a multiple-plate diffuser consisting 
‘] of flat plates set one above the other with concentric holes of decreasing 
l, diameter. Each plate was designed to pick off its proportional part of 


- the rising flow and divert it horizontally into the tank. Finally the 
: solid ring baffle was replaced by a fixed spiral flow baffle consisting of 


. 48 blades 18 in. wide and submerged 7 ft. The function of these blades 
eC is to direct the sewage into the tank tangentially from the central inlet 
and thus impart a spiral motion to the liquid. 
l Dye and float tests on the model equipped with the developed inlet 
) showed considerable improvement with regard to flowing-through 
s time. The rollers were eliminated, first dye passed in 27 per cent of 
. the detention period and the flowing through ratio was about 91 per 
) cent. The maximum radial velocity was only about one-third of that 
. observed with the standard type inlet. Since the direction of flow near 
: the center was spiral instead of radial with the new inlet, the actual 


maximum velocities were, however, about the same as with the stand- 
F ard inlet. 


Model studies were also made on rectangular primary tanks for 
l Detroit (25). The alternate rectangular tanks, which were subse- 


quently adopted for the city, had the same capacity as the circular tanks 
but each was divided into seven longitudinal compartments 16 ft. wide 
by 272 ft. long. In the tests on the model tank at the average 1950 flow, 
. ; the first dye appeared in 55 per cent and the center of mass in 94.5 per 
cent of the theoretical detention period. There were no back rollers in 
the tank. 





CHEMICAL TREATMENT 

The installation of more flexible chemical handling equipment for 
new chemical treatment plants has come with the proper appreciation 
that the method of chemical treatment is best decided upon after a plant 
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is put into operation. The type of treatment depends upon the char- 
acter of the sewage, the cost of chemicals and the handling of chemicals. 
The two latter functions depend upon the location and size of the plant. 
When used the year around, the type of treatment may vary throughout 
the year due to differences in response to certain chemicals in summer 
and winter or seasonal influx of certain trade wastes which are handled 
better by other than the normal method of treatment. An example of 
this type of installation is the plant at Danville, Illinois, described by 
Nemoyer (123). Alum, lime, ferric sulfate and liquid, crystalline and 
anhydrous ferric chloride can be applied to the sewage with the equip- 
ment available. 

The importance of an intelligent survey of results obtained with 
various chemicals at a given plant is being more thoroughly appreci- 
ated. Stimulation in obtaining such information has been afforded by 
the various chemical manufacturers. However, it is best for the opera- 
tor to work in conjunction with the chemical manufacturers, and not to 
lean on them. It is for him to decide which chemicals will be used. 
To judge this fairly he must know what results were obtained, how 
much chemical was used and what problems arose in feeding and apply- 
ing the chemicals. He must supplement the data obtained by the manu- 
facturer with additional data of his own to determine whether, under 
conditions of normal operation, he can obtain similar results. 

Haseltine (64) at Butler, Pa., Bell at Essex Fells, N. J. (13), and 
Hood at Ridgewood (82) have shown the value of such work in the past 
vear, not only for determining the treatment best suited to the sewage 
handled at the lowest cost, but for handling problems peculiar to the 
particular job. Haseltine built up a fine case justifying the installa- 
tion of much needed additional equipment. Bell not only halved previ- 
ous chemical costs but solved the problem of digester overflow, which 
was upsetting clarification. By prechlorinating the overflow liquor, 
periods of poor flocculation were eliminated. Hood learned how to 
handle Monday’s influx of laundry waste. Controlled application of 
sulfuric acid after the usual alum treatment solved this problem. 

That chemical treatment is practical for the small plant was defi- 
nitely proven. Show and Ditmars (149), in an investigation of the 
Essex Fells plant, designed to treat only 200,000 gal. per day, showed 
that chemical cost could be kept below $8.00 per million gallons. At 
Ridgewood, where about one million gallons per day are treated, the 
cost ran to less than $6.00 per million gallons. Both of these plants 
employed alum which seems to be increasing in popularity, particularly 
at small installations. In the two plants mentioned above, alum gave 
much lower costs than did ferric salts. However, this is not always the 
“ase. Haseltine obtained best results with a ferrie salt and lime, but 
cases have been observed where alum floc would not settle, or where the 
cost was far above that of ferric chloride alone. Attention should be 
-alled to the use of sufficient lime to reduce substantially the ferric salt 
dosage necessary for clarification. Small amounts of lime are often 
ineffective while an increased dosage will usually permit the use of 
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very little coagulant. The pH should be raised to at least 9.0. When 
this is done the costs of chemicals will generally approach more closely 
that of alum, and effluents colored by iron will not be obtained. 

Considerable attention has been given in the southwest to the gen- 
eration of ferric chloride by treating iron with chlorine. Whedbee and 
Zeller (179) reported experiments at Dallas and Yaffe (186) at El Paso, 
Texas. Carollo (27) described a new plant embodying this feature at 
Phoenix, Arizona. The Dallas experiments, employing separate reac- 
tion and oxidizing towers, were shown to be only about 50 per cent 
efficient, as a considerable portion of the chlorine was converted to 
hydrochloric acid rather than ferric chloride. The authors arrived at 
the conelusion that this method of obtaining ferric chloride was too 
expensive when this low conversion was obtained. They also stated 
that difficulties encountered in operating the generator were numerous. 

The El Paso experiments led Yaffe to the conclusion that when two 
towers were used, both containing iron, a conversion of almost 100 per 
cent could be obtained if a means of preventing ‘‘hydrogen binding’’ 
was employed. He stated that steel turnings were better than cast-iron 
turnings as they contained less impurities and were larger, thus giving 
less packing troubles in the towers. He believed that the manufacture 
of the coagulant should be kept separate and distinct from the treatment 
process. An attempt should not be made to generate the ferric chloride 
as needed in the treatment process, as attempts to change the produc- 
tion rate in the generator not only lower the efficiency but require too 
much attention on the part of the operator. From these experiments 
it appears that a good deal of knowledge is lacking and much work must 
be done before this process becomes reliable. The installation of special 
equipment to produce a concentrated chlorinated copperas solution for 
sludge conditioning at Baltimore, Md., was described by Genter (50). 
Low priced copperas is available locally, and investigation indicated 
that this coagulant can be most economically utilized to condition di- 
gested sludge. 

Much attention has been directed to the ‘‘ Biochemical Proecess’’ ad- 
vanced by the Guggenheim Brothers, Inc. An excellent summary of 
engineers’ reports, pilot and plant scale data and general information 
was published (56). It was established that an oxidation of carbon- 
aceous material took place on aeration of the chemical sludge-sewage 
mixture unaccompanied by nitrification. Some of the soluble B.O.D. 
was removed, thus this process was partially chemical and partially 
biological. The effluent produced was of better character than one 
obtained by plain chemical treatment, because of the oxidation of part 
of the solubles. Results obtained fall between those produced by 
chemical treatment and the activated sludge processes. The use of an 
iron salt may aid coagulation, accelerate the oxidation process, and give 
the sludge added stability. The two latter factors may be due to the 
iron acting as an oxygen carrier, in accordance with Warburg’s theory. 

Rudolfs and Gehm (139) studied the effect of the order of addition 
of chemicals on sewage clarification. Lime and sulfuric acid were used 
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as coagulation aids and ferric chloride and alum as coagulants. When 
lime and ferric chloride were used, the addition of lime first gave some- 
what better results than did the reverse order. With ferric chloride 
and acid the addition of the iron salt prior to the acid gave by far the 
best results. The results obtained with alum followed quite closely 
those obtained with ferric chloride. Lime and acid were found to fune- 
tion more as coagulating than mere pH adjusting chemicals and should 
be considered as coagulation aids. 

Gehm (48) reported a series of experiments dealing with the effect 
of the non-settleable sewage solids on the amount of coagulant necessary 
for coagulation. From the results obtained it appears that this frac- 
tion of sewage does not determine the coagulant demand. 

The use of chemicals prior to the activated sludge process in England 
led Nixon (126) to warn against allowing the pH value to get below 6.0 
in the sewage flowing to the aeration tanks. If acid or acid salts are 
used or trade wastes are acid, the addition of a neutralizing chemical is 
necessary. Donaldson (36) presented an interesting and useful table 
containing a complete list of all modern chemical treatment plants in 
this country including capacities, tvpe of treatment and period of treat- 
ment. He observed that, with only two exceptions, supplementary de- 
vices were employed when chemical treatment was used the year 
around. Streander (163) also called attention to the widespread use of 
supplemental chemical treatment. 

From the standpoint of practical application, the value of chemical 
treatment in reducing capital cost by its ability to handle daily and 
seasonal peaks in sewage quantity or sewage strength has not as yet 
been adequately explored. 

For this purpose careful studies of cost, made in existing plants 
under closely controlled and intentionally varied conditions should vield 
information of considerable value. Such studies need not be limited to 
plants specifically designed for chemical treatment; plants operating 
at capacity, or overloaded, should give especially worthwhile informa- 
tion. Schroepfer’s (147) work is invaluable as a general comparative 
study of the whole field of sewage treatment, but supplementary cost 
studies in greater detail of the various processes, and in particular of 
chemical treatment as an adjunct to different processes, are greatly 
desired. Schroepfer’s study indicates the economic advantage of 
chemical treatment under seasonal conditions. If careful studies of its 
effect on daily fluctuation in load are made, perhaps further economies 
may be indicated. 


FILTRATION AND STRAINING Devices 


The past year has been the start of operation of a number of mag- 
netite filters of the downflow type and the use of finer magnetite. Con- 
sequently more data on operation, especially at the larger plants, have 
become available even though not all of the important information has 
appeared in print. Experimental magnetite filters at the West Side 
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Sewage Treatment Works of the Sanitary District of Chicago were 
operated in parallel for straining chemically and non-chemically pre- 
cipitated Imhoff effluent (76). 

Operation was started of upflow magnetite filters for straining ac- 
tivated sludge effluent at Greece, N. Y., a rectangular downflow mag- 
netite filter for straining plain settled and chemically precipitated 
effluent at Barberton, Ohio, and rectangular units for straining trickling 
filter effluents at the Southerly Plant, Cleveland, Ohio (104). 

Black (16) reported several months’ operation of settled effluent, 
without chemicals, filtered through six magnetite filter units at Denver. 
The influent to the filter had 45 p.p.m. suspended solids and effluent from 
the filter 28 p.p.m. The overall removal obtained by settling and filter- 
ing was 84 per cent for suspended solids and 59 per cent for B.O.D. 
The Platte River below the plant showed 6 p.p.m. B.O.D. in May and 22 
p.p.m. in June, which even without chemical treatment was less than the 
40 p.p.m. standard set by the Board of Health. 

Holmes (81) stated that a magnetite filter was being installed to take 
either primary settled or final activated sludge settled effluent at the Ley 
Creek, Onondago County, N. Y., plant. This magnetite filter is of a 
circular downflow type with fine magnetite and includes interior con- 
centric cascades for introducing dissolved oxygen. It is the first down- 
flow circular filter in a separate structure. 

Schroepfer (147) presented an interesting study on the economies of 
magnetite filters based on data from nine plants. He stated that re- 
ductions accomplished were a function of strength of filter influent, and 
that there was considerable variation in the filter rates at these plants 
varying from 1.8 to 3.0 gal. per sq. ft. per minute. Factors affecting 
design are filter effluent, sand size and daily variation of flow. Based 
on conditions at Minneapolis, the cost of filtration was equal to chemical 
treatment if 15 to 20 p.p.m. suspended solids were removed by filtering, 
and to plain sedimentation if 24 p.p.m. were removed. On a B.O.D. 
basis, filtration was more economical than chemical treatment, if 12 to 
15 p.p.m. were removed and as economical as sedimentation if 16 to 17 
p.p.m. were removed. 

A 1 in. to 3 in. coal mat on a Riensch-Wurl (3) screen was found to 
clog due to fine solids from the industries at Niagara Falls. Experi- 
ments with a 14 in. mat took out insufficient solids and a 14 in. to %% in. 
mat of fine coke was found to be operative if the entire mat was removed 
at each location. 

Tests conducted at Goshen, Indiana, by Hurwitz and Miller (87) 
showed 62 per cent overall removal of suspended solids, and 47 per cent 
removal of B.O.D. by settling followed by a coarse upflow filter. The 
magnetite filter removed 23 per cent of the suspended solids and B.O.D. 
reaching it, thereby improving the overall treatment by 12 per cent in 
suspended solids and 14 per cent in B.O.D. as indicated by simples below 
and above the filter. 

Several sand straining devices, built in clarifiers, have been installed 
in the Raritan Valley, N. J., but no results have been published. 
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Zack (187) and (188) described and discussed the types, the present 
installations and the uses of filter effluent strainers. 







(HLORINATION 










Considering the extensive adoption of chlorination, either as an 
integral process of sewage treatment or as an accessory to other types 
of treatment, the reports on fundamental research in the application of 
chlorine are very limited. It is of interest, in plant operation, that 
manufacturers of liquid chlorine have developed a process, as deseribed 
by Hedgepeth (71), to eliminate impurities which might cause feeding 
difficulties. These liquid chlorine impurities were shown by Hedgepeth 
and Riges (72), who used a more accurate analytical method, to consist 
largely of ferrie chloride, hexachlorethane and chloroform. The de- 
velopment of a new type of automatic chlorinator, designed to vary the 
dose geometrically in order to compensate for simultaneous increases in 
flow and in strength of sewage, was noted by Beyer (15). 

Papers by Henkle (74) and by Singleton (152) recognized the de- 
sirability of providing adequate facilities for the safe handling of chlo- 
rine. Woodward (184) described the use of chlorinated water sprays, 
at Laguna Beach, Cal., to deodorize the foul air exhausted from a com- 
pletely enclosed activated sludge plant situated within the city. 

Chlorine for Disinfection.—Results of laboratory and field studies 
conducted by Symons, Terhoeven, and Torrey (164) on domestic and 
industrial sewage at Buffalo, N. Y., have been made available. While 
the Bird Island Laboratory modification of the Standard Method of 
chlorine demand determination, which was employed in these studies, 
indicates a demand in general 10 per cent lower than the Standard 
Method, the chlorine doses based on these demands have been found to 
produce bacterial kills of 98 to 99 per cent under local conditions. 
Chlorine demand per capita was reported as 0.00467 to 0.0050 pounds 
per day and, in predicting chlorine consumption, per capita demand was 
indicated as a more important figure than parts per million demand. 
Temperature of the sewage, between 12 and 24 degrees C., appeared to 
have little effect on the chlorine demand. Below this range the demand 
(depending on type of sewage) was 65 to 74 per cent of that at higher 
temperatures. For relatively fresh domestic sewage the average chlo- 
rine demand was 4 to 5 p.p.m. and for strong sewage 8 to 11 p.p.m. 
Industrial waste and sewage mixtures, under Buffalo conditions, aver- 
aged 30 p.p.m. chlorine demand and variations of from 30 to 560 per cent 


































for a given day were found. 

In a sequel to this paper, Symons, Simpson, and Torrey (165) sum- 
marized over 600 examinations made to: determine the bacterial kill 
accomplished by chlorination. Under the experimental conditions at 
Buffalo, the study indicated sedimentation of strong sewage, while re- 
ducing suspended solids by 40 per cent, affected only a negligible reduc- 
tion in chlorine demand. -During sedimentation the number of gas form- 
ers was practically doubled. To completely satisfy the chlorine demand, 
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a contact period of 15 minutes proved to be sufficient and, with a chlo- 
rine residual of 0.1 p.p.m. present at the end of that time, effected ap- 
proximately a 99 per cent bacterial kill in either settled or unsettled 
sewage. When sewage was diluted with untreated lake water (1: 320) 
relatively no re-growth of sewage bacteria took place. 

Wittwer (183) described chlorination experiments with varying 
chlorine dosages during summer disinfection at the Rahway Valley, N. 
J., Joint Meeting Sewage Treatment Works. Chlorine demand tests 
were run daily to correlate periodic changes in sewage strength with the 
quantity of chlorine required to produce the necessary residual. A 
probable dosage of 10 p.p.m. will be necessary to maintain the necessary 
residual. Pre- and post-chlorination were used by Marshall (114) at 
Geneva, N. Y., for odor control and disinfection during the summer 
months, while only post-chlorination was required during the winter. 
Contact periods provided are: 4 hours for pre-chlorination and 40 min- 
utes for post-chlorination. Residual chlorine tests and chlorine dose 
adjustments are made six times daily to maintain a residual of 0.5 p.p.m. 

Rudolfs (138) reviewed progress in New Jersey on the correction of 
pollution. Modern treatment plants have been constructed or old 
plants have been remodelled on three separate drainage areas. A sum- 
mary of the treatment processes shows that 18 plants will employ 
chlorination, probably largely on a seasonal basis. 

Bardsley (7), while making a comparative study of coliform organ- 
isms‘in chlorinated and non-chlorinated swimming pool waters, found 
that the chlorinated water samples had a preponderance of aerogenes, 
while the non-chlorinated had about equal numbers of aerogenes and 
the intermediate types. With increased chlorination the numbers de- 
creased but after the disappearance of chlorine vigorous regrowth 
occurred. 

Odors and Hydrogen Sulfide —At Butler, Pa., Haseltine (62) secured 
effective control of odors by applying doses of chlorine insufficient to 
produce a residual. Partial pre-chlorination was essential to the suc- 
cess of chemical coagulation, though it was not necessary to add a dose 
sufficient to produce a residual in the coagulation stage. Nearly all 
sewer lines were found by Hood (82) at Ridgewood, N. J., to be heavily 
furred with gray algae. The predominance of beggiatoa was believed 
to be responsible for the reduction of sulfates to hydrogen sulfide and 
for consequent difficulties in chemical coagulation. Application of chlo- 
rine, in doses stated as ‘‘heavy’’ but actual amount used not given, for 
one week did not dislodge fungus from the sewers. Copper sulfate and 
flushing did prove effective in loosening growths. A marked reduction 
in chlorine demand of the sewage received at the plant followed this 
treatment and the process was repeated, with further chlorine demand 
reductions. 

Chlorine in Chemical Coagulation Processes.—Bell (12) reviewed 
chemical coagulation practice at Essex Fells, N. J., and noted that 
flocculation was adversely affected by return of digester supernatant. 
Heavy pre-chlorination of the raw sewage, during the period of super- 
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natant liquor return, was found to be a practical corrective measure. 
It is also significant, as pointed out by Shaw and Ditmars (149), that 
pre-chlorination proved effective during the use of chlorinated copperas 
as the coagulant at this plant. Even though the chlorine demand was 
only partially satisfied, B.O.D. of the effluent was reduced to 27 p.p.m. 
as compared with 42 p.p.m. B.O.D. when no chlorine was used. Over- 
all plant removals were improved when a pre-chlorination dose of 7 
p.p.m. was applied, even though the doses of copperas and lime were 
simultaneously reduced by 20 per cent. 

Chlorine and Trickling Filter Operation.—The ponding of trickling 
filters at Slough (West of London) was reported by Kershaw (103). A 
‘apid growth of thick reddish slime, stringy rather than gelatinous in 
nature, almost completely sealed the filters. Lengthy studies on pre- 
treatment with chemicals indicated the application of ‘‘Chloros’’ to the 
filter dosing tank to be most effective. Liquid chlorine equipment was 
installed, and chlorine was applied at an average dose of 10 p.p.m. 
Development of the slime growth was checked by this treatment and 
progressive cleaning of the top 6 inches of filter media had been accom- 
plished at the time of the report. 

Studies on the chlorination of milk wastes, as summarized by Agar 
(1), show this treatment to be effective in delaying decomposition. 
Where such wastes discharge into a small stream, which shortly enters 
another stream providing adequate dilution, chlorination of the wastes 
might delay decomposition for the required period of time. Loreaux 
(112) noted that practicable methods of beet sugar waste treatment are 
available but that these do not relieve taste and odor problems caused 
by the waste entering surface water supplies. The biological stabiliza- 
tion of such wastes by long storage and oxidation of the effluent with 
chlorine during discharge was proposed. 

Chlorine for Grease Removal.—The efficiency of this process has 
been confirmed by Keefer and Cromwell (101) in semi-plant seale tests 
at Baltimore, Md. Studies on domestic sewage showed increases in 
scum, produced by applying small doses of chlorine gas in the pre- 
aeration process, to range from 149 to 847 per cent of the seum obtained 
by pre-aeration without chlorine. Variations in the amount of air and 
chlorine applied, and in the detention time provided, indicated even 
minimum doses of air (0.064 cu. ft. per gal.) and of chlorine (1.0 p.p.m.) 
during 5 minutes detention capable of doubling the yield of scum. 

Full-seale use of this process has been studied at the Lancaster, Pa., 
activated sludge plant. Wiest claims (180) aero-chlorination, using 
solution chlorine applied in the pre-aeration channel, to be highly ef- 
fective. Comparative runs showed the use of an average chlorine dose 
of 2.0 p.p.m. chlorine increased the amount of scum from 3.5 pounds, 
obtained with pre-aeration alone, to 12.5 pounds per million gallons. 
The total grease content removed by this aero-chlorination treatment, 
followed by sedimentation, was found to be 80 per cent. Grease in the 
return sludge has been reduced from 21.63 per cent to 5.61 per cent. 
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Improved plant operation, with absence of bulking troubles, is credited 
to this method of treatment. 

It was noted by Killam (104) that aero-chlorination has been pro- 
vided for on a large seale at the remodelled Westerly plant in Cleveland, 
Ohio. Dry chlorine gas will be introduced into the air header near the 
down-drop pipes which are rubber lined to preclude the possibility of 
corrosion below the water line. 


ACTIVATED SLUDGE 


Mechanism of the Activated Sludge Process——Ruchhoft, MeNamee 
and Butterfield (137) have determined that the rates of oxidation in the 
activated sludge process vary considerably according to the conditions 
of operation and are much greater than the biochemical oxygen demand 
rate for streams. This high rate is made possible by continuous feed- 
ing and the maintenance of proper aerobic conditions which promote 
the development of enormous numbers of bacteria. The oxidation 
capacity of the sludge is limited by its biochemical character and ac- 
tivity and the resulting oxidation is not proportional to the B.O.D. of 
the organic substances added as food. They emphasize the practical 
value of tests to determine the oxidizing activity of the sludge. 

It has been generally accepted that biological reactions cannot be 
speeded up by increasing the concentration of dissolved oxygen and it 
has been stated that theoretically an activated sludge plant may be run 
with the lowest oxygen concentration which can be consistently main- 
tained. Pomeroy (132) has determined experimentally that, with large 
concentrations of oxygen (20 to 40 p.p.m.), the rate of oxidation may 
actually be decreased. Hicks (80) built an experimental plant consist- 
ing of five tanks placed one above the other in a closed system so that 
air released at the bottom of the lowest tank passed, in turn, through all 
five units. The top tank was four feet deep and the others five feet. 
He reported that, with only 25 per cent of the aeration period and 12.5 
per cent of the air, this experimental unit produced results comparable 
to those obtained in a large plant treating the same kind of sewage in 
the conventional manner. It was brought out in discussion of the paper 
that the increased pressure necessary to force air through the system 
would increase the average saturation concentration by only 10 per cent 
and that perhaps the greater surface exposed and the high rate of air 
addition per unit area of liquid surface may be important factors. In- 
creased biological activity because of increased concentration of oxygen 
beyond that necessary for carrying on the process is difficult to reeon- 
cile with our present theories. 

Members of the staff of the New Jersey Agricultural Experiment 
Station have continued the study of the clarification stage of the ac- 
tivated sludge process. Heukelekian and Schulhoff (79) have isolated 
from activated sludge and sewage several pure cultures of organisms 
which have the ability to clarify sewage and, upon longer periods of 
incubation, to destroy sludge. Experiments carried on by Ingols (90) 
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(91) indieafe that the removal of ammonia is not a base-exchange re- 
action. The failure to remove ammonia in the absence of biological 
activity indicates that the uptake of ammonia by activated sludge de- 
pends upon biological phenomena. Ina similar manner soluble organic 
compounds such as glucose and amino acids were also removed by bio- 
logical processes. Heukelekian and Ingols (77) (78) have demon- 
strated that activated sludge-sewage mixtures can hydrolyze some 
organic materials not utilized directly. For example, starch is rapidly 
hydrolyzed and the products of hydrolysis are oxidized at about the 
same rate they are produced. The rate of hydrolysis depends on the 
quantity of starch, the concentration and quality of the sludge, the air 
and the presence of sewage as food. The rate of hydrolysis of nitro- 
genous substances depends on the complexity of the molecule or the 
stage of hydrolysis. Some compounds yield amino acids, ammonia and 
nitrate nitrogen with one to two hours of aeration. This hydrolytic 
action and clarification take place simultaneously. 

The exact role of oxygen in biological treatment processes and the 
nature of the end products have not yet been clearly defined. In order 
to trace the fate of carbon during activated sludge oxidation, Wilson 
and McLachlan (181) established a carbon balance on a laboratory scale 
activated sludge plant. They found that instead of carbon dioxide 
being a major product of aerobic oxidation, only about 10 per cent of 
the transformation products of carbon appear as carbon dioxide in the 
effluent gases. The concentration of carbon dioxide in the effluent 
liquor was approximately equal to that in the original sewage. They 
suggest that much of the carbon must be assimilated in building the 
body substance of plant and animal organisms in the sludge and that 
the transference of carbon from the sewage to the sludge in this way is 
the major factor in purification. 

Although a chemical theory of the activated sludge process is not 
new and has generally been discarded in favor of a physical-biological 
one, Shibata (150) believes the principal factor in the purification of 
sewage colloids and suspended solids to be the physical-chemieal and 
electro-chemical action of inorganic hydroxides. The living organisms 
which ferment the coagulated organic matter play a secondary part. 
Satisfactory purification was obtained by aeration in the presence of 
ferric and aluminum hydroxides without activated sludge. The concen- 
tration of inorganic hydroxides (20 per cent) used in the test was much 
greater than that present in the activated sludge used as a control (20 
per cent of sewage flow). The conclusions would have been more econ- 
vineing had the author used a concentration of hydroxide more nearly 
equal to that in normal sludge. For best results, Shibata reports that 
the pH should be between 5.8 and 7.5 and sufficient oxygen should be 
added by aeration to avoid the change of hydroxides to sulfides, with a 
subsequent lessening of coagulating power. 

Operation.—A number of studies have been carried on during the 
past year which were intended to increase the efficiency of the process. 
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At Chicago, Herrick (76) reported that sewage was aerated in a tank 
containing sponge rubber blocks. Even with cubes as small as one-half 
inch the spaces in the sponge rubber became filled with solids and the 
blocks were too heavy to circulate with spiral flow. Herrick also stated 
that very weak settled sewage (B.O.D. 66 p.p.m.) was treated by the 
activated sludge process with aeration periods of only 1.6 hours and air 
consumption of only 0.32 eubie feet per gallon of sewage. During a 
period of more than three months the reduction in B.O.D. was 77 per 
cent. 

A new development in activated sludge treatment has been reported 
from Barking (9), England. The London County Council has com- 
pleted construction of double deck aeration tanks. By means of pad- 
dles, sewage inoculated with reaerated activated sludge is cireulated 
through channels which provide a total flow length in six tanks of 6,400 
feet. The plant has a capacity of 66 m.g.d. (Imperial) and is designed 
to produce a stable but not highly nitrified effluent. 

Ippolito (92) has used the clarifying power of excess activated 
sludge to partially purify supernatant liquor from sludge digestion 
tanks. First attempts to aerate a mixture of supernatant liquor and 
activated sludge did not produce satisfactory effluents. The super- 
natant liquor seemed to act as a poison and paralyzed or destroyed the 
microscopic life of the activated sludge. Believing that the poisonous 
effect was caused by dissolved gases, he pre-aerated the digested sludge 
liquor for 30 minutes, then added an equal volume of activated sludge 
and aerated the mixture four hours. In this way, the B.O.D. of the 
liquor was reduced from 825 to 1,000 p.p.m. to only 200 to 275 p.p.m., 
which was less than the B.O.D. of the raw sewage. 

Roe (134) and Kappe (98) have concluded that, considering the cost 
of construction, interest, depreciation and power costs, mechanical 
aeration is less expensive than diffused air for small plants, perhaps 
those treating less than 1 to 1.5 m.g.d. They agreed that air diffusion 
is cheaper for flows above 1.5 m.g.d. Flexibility and adaptability of 
equipment to permit maximum efficiency in power usage are important. 

Sludge Bulking —Haseltine (66) has re-studied the action of lime in 
the control or prevention of bulking and concluded that it is most effee- 
tive when applied near the aeration tank inlets. The benefits to be de- 
rived are due to lime plus aeration and not to lime alone. He concluded 
that, in bulking, biological oxidation lags behind adsorption. When 
the rate of biological oxidation is limited by the rate of elimination of 
carbon dioxide, which is toxic to bacterial activity, lime is effective in 
controlling or eliminating bulking. The lime may be added intermit- 
tently to prevent the occurrence of bulking or continuously for the 
elimination of bulking already present. 

Hudson (86) found that 5 p.p.m. of chlorine added to the raw sewage 
eliminated severe bulking resulting from the treatment of a strong 
septic sewage containing milk wastes. He believes that the recovery 
of the plant would have been more rapid if chlorine had also been ap- 
plied to the return sludge. 
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Molitor (122) reported that periods of ‘‘unrest,’’ accompanied by 
sludge bulking, occur for two to four weeks every spring and fall at the 
activated sludge plant of Morristown, N. J. The floe becomes fine and 
fluffy and a slimy scum indicates filamentous growths. Continuous mild 
chlorination of return sludge was found to remedy the condition. A 
further report on return sludge chlorination in an overloaded plant at 
Houston, Texas, was presented by Steel and Ehlers (159). Applica- 
tion of an average chlorine dose of 5.34 p.p.m. resulted in improvement 
in plant operation, reduction in numbers of sphaerotilus, and alleviation 
of bulking difficulties. 

Shibata (150) continued his chemical theory of the activated sludge 
process to include the bulking of sludge. He attributed bulking at the 
Mikawashima plant in Japan to fractional settling in the Dortmund 
tanks. He reported that heavier solids containing a high proportion of 
inorganic matter settle to the bottom first and are removed as excess 
sludge. The lighter solids are returned to the aeration tanks making 
the sludge in the aeration tanks progressively higher in organic matter 
and lighter in weight. Bulking was eliminated by the addition of suf- 
ficient aluminum hydroxide to increase the ash content of the sludge 
to normal. 

It has become increasingly clear that in reporting the efficiency of 
activated sludge plants, the work done by the plant must be taken into 
consideration. The common method of reporting operation data in 
kilowatt hours per million gallons of sewage completely disregards the 
strength of the sewage and gives equal credit for the treatment of weak 
and strong sewages. Roe (134) recommends ‘‘the kilowatt hours per 
pound of B.O.D. removed by aeration”’ as a suitable yardstick to meas- 
ure aeration power, the principle item of operation cost of activated 
sludge plants. This unit was suggested and adopted by engineers of 
the Illinois Department of Health. It is easy to calculate and gives 
proper credit for the work done by the plant. 


TrICKLING FILTERS 


(Editor’s Note.—The section on ‘‘Trickling Filters’? was not re- 


ceived in time to be included in the review.) 


StupGe Digestion 


The progress of fundamental research in sludge digestion has been 
notably slow. The exhaustive studies on the fundamental character of 
sludge digestion and factors influencing the rate of digestion were fol- 
lowed with a period of consolidation in which the knowledge gained has 
been put on a practical basis and exploited. To avoid a stalemate in the 
art of sludge digestion two avenues remain open: (a) further studies of 
fundamental nature and of the organisms responsible for liquefaction 
and gasification, with a view of further accelerating each phase sepa- 
rately or simultaneously, ()) further extension of the art of sludge di- 
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gestion to the field of disposal of industrial wastes either separately or 
in combination with sewage. 

The trend in the type of sludge digestion tanks has been accentuated 
along the lines noted before, namely, a greater number of plants where 
stage digestion and mechanization are employed, with gas utilization 
for heating and power production. The design features and operating 
results of a great number of newly constructed plants are still un- 
available. | 

Research—Two apparently conflicting reports were made on the 
effect of activated carbon on sludge digestion on the basis of some 
laboratory experiments. Flower, Budd and Hauck (44) found that the 
addition of 200, 400 and 800 p.p.m of activated carbon to a mixture of 
fresh and activated sludge increased both the rate and volume of gas, 
the more pronounced effect being obtained with a 200 p.p.m. dosage. 

The pH value was increased as a result of carbon addition. The 
amount of solids in the supernatant liquor increased with the higher 
dosages of earbon. Odor reduction was decided, with a reduction of 
70 per cent with 200 p.p.m. application. 

Keefer and Kratz (100) on the other hand found that digestion of 
unseeded fresh solids was retarded by the addition of 8 per cent of 
carbon by weight on the basis of volatile solids. With seeded solids 
the results obtained from a number of tests were at variance with the 
results published by them previously in that, in four of the six tests, 
the untreated sludge digested more rapidly than the material treated 
with activated carbon. 

It is difficult to compare the results of these two investigations be- 
cause of the differences (a) in the type of solids digested, (b) in the 
method of expressing the dosage of carbon and (c) the lack of sufficient 
data to convert the dosages to comparable basis. 

Rudolfs and Ingols (142) reported that the aging of fresh solids 
increased the amount of skatole from 1.2 to 160.0 p.p.m. after 4 weeks of 
incubation, without ripe sludge. The quantity of indole was not in- 
creased to the same extent as that of skatole. Ripe sludges contained 
on an average 0.7 p.p.m. indole, with only faint traces of skatole. In 
order to obtain the maximum growth promoting value from the sludge 
when applied to the soil it should therefore be used in a partially di- 
gested state. 

Barker (8) reported a methane fermentation of ethyl aleohol in 
which large quantities of butyric and eaproic acids were formed in 
addition to acetic acid. This fermentation was brought about by 
Methano-bacterium Omelianskvi and an associated spore-forming bac- 
terium. At the same time that these acids were produced from ethyl 
alcohol there occurred a reduction of carbon dioxide to methane. 

The research work in connection with the digestion of garbage has 
somewhat subsided. It is of interest, however, to note the report of 
some investigations by Welch at Flint, Michigan (177), where digestion 
of a mixture of sewage solids and garbage took place readily, producing 
11.5 cu. ft. of gas per cu. ft. of volatile matter. Mixtures of either 
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sewage solids or of garbage in combination with the lime sludge from 
water-softening plant also digested readily. 

Stage Digestion—Haseltine (63) reported on the extensions to the 
Topeka, Kansas, plant providing 3-stage digestion with a total design 
capacity of 3.0 cu. ft. per capita. The waste activated sludge was thick- 
ened in a picket fence type thickener from 0.4 to 0.6 per cent to 3 to 4 
per cent. The raw solids and the thickened activated sludge were di- 
gested in the primary tank, provided with a turbomixer for a period of 
20 days. The sludge was then transferred to the secondary tank, which 
was provided with a gentle stirring device, and finally transferred to the 
tertiary tank, which was provided with a gas holder but no stirring, 
where further thickening and digestion takes place. 

Ardern, Jepson and Klein (5) described a method of digesting pri- 
mary and densified activated sludge for a period of 10 days at 25 to 
30° C. in a covered tank with floating gas holder, followed by three 
weeks of digestion in open secondary tanks without heating. The raw 
and activated solids were pre-heated in a tubular pre-heater and mixed 
with an equal volume of seed. The sludge withdrawn from the bottom 
of the primary digestion tank was 60 to 70 per cent digested and that 
from the secondary tank 75 to 80 per cent digested, with the production 
of 3.5 cu. ft. of gas per lb. of dry organic matter containing 71 per cent 
methane. Zoning occurred in the primary tank. 

Sperry (157) reported the change from single- to two-stage digestion 
at Aurora, Ill., in order to meet the overloading of the tanks. Records 
of four months’ operation in the latter part of the year are compared 
with the previous eight months. The gas yield during the entire year 
increased by 8.3 per cent but this was attributed to the addition of 
secondary sludge not used up to the present. The gas yield per month 
or per day was greater during the period when the tanks were operated 
as a two-stage system; and on the basis of equal amounts of volatile 
matter added the increase was 9 per cent. The composition of gas was 
not materially changed but had a slightly higher B.T.U. value. <A gas 
with considerably higher methane content was obtained from the first 
stage but the average for the two stages combined was only slightly 
higher in methane and B.T.U. than the gas produced by the single-stage 
process. The hydrogen content of the gas from single-stage operation 
was 2.8 per cent and from two stage 2.2 per cent. 

Waterman and Rostenbach (176) describe the two-stage digestion at 
Iowa City, Ia. The observation is made that aluminum pipes for hot 
water circulation failed after 20 months and were replaced by wrought 
iron pipes. The failure was due to corrosion on the outside of the pipe. 
It is reported that hydrogen content of the gas was as high as 10.0 per 
cent although no industrial wastes were present in the sewage except 
wastes from milk plants and laundries. 

Wittwer (183) reported a 63.3 per cent reduction of volatile solids 
in the Rahway Valley, N. J., Joint Meeting two-stage digestion tanks, 
with 1.27 ecu. ft. of gas per capita per day, during the first seven months 
operation of the plant. 
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The design and operation of the Coheshill sewage disposal plant of 
the Birmingham, Tame and Rea districts drainage Board was reported 
by Vokes (172). The total digestion capacity of 3.24 cu. ft. per capita 
was distributed in five primary and three secondary tanks. Gas col- 
lectors were on the primary tanks and the gas yield was 0.78 cu. ft. per 
capita. 

A general summary of the salient features of some of the single and 
two stage digestion tanks are given in Table LI. 

Operation Experiences.—Andersen (2) emptied the digestion tanks 
at Rockville Center, N. Y., for general inspection after seven years of 
operation. The piping and the concrete inside the tank was in good 
condition. There was about 3/16 in. of scale on the heating coils in 
some places. After drying the scale came off readily. Hicks (80) 
found that pre-heating of sludge by radiators with rough surfaces was 
not suecesstul due to the viscous nature of the sludge and the gas film 
around the radiator acting as an insulator. Installation of smooth iron 
pipes in the pre-heating tank solved the difficulty. The sludge could be 
heated to 100° F. in 12 hours. Because of the high rate of gas evolu- 
tion no scum has been formed in the digester and therefore no cireulat- 
ing mechanism has been necessary. Also no supernatant could be found 
and the sludge had a uniform vertical distribution. 

Smith (153) reported performance of the unheated digesters at the 
village of Canton in the northerly part of New York State. Digestion 
capacity of 2 cu. ft. per capita was available, with only an earth embank- 
ment and with a temperature in the digesters of 42 to 45° F. during 
about five months of the year. It is difficult, however, in the absence of 
analytical results to determine whether the sludge was well digested. 
During the second year, when the conditions were better, the sludge 
dried on an average within 10 days in glass covered beds. 

An estimated 64 to 66 per cent reduction of solids in the digesters 
at Morristown, N. J., was reported by Moerk and Hisenberg (121). But 
considering that the sludge was retained 7.8 vears the findings are not 
surprising since 60 to 65 per cent reduction of volatile matter can be 
obtained regularly within the more usual detention periods employed 
at present. 

Imhoff Tanks.—The operation of Imhoff tanks at Tonawanda, N. Y., 
is described by Samson (143). The two circular Imhoff tanks, built in 
1924, with inlet and outlet on opposite sides, were supplemented with 
two more similar tanks in 1927 giving a total capacity of 2 cu. ft. 
However, the more recent tanks were provided with only 10 per cent 
gas vent area in relation to the surface area of the tanks, instead of 20 
per cent as in the original tanks. The tanks with the smaller area of 
gas vents have given more difficulty. Foaming has been a great prob- 
lem, especially in the spring. Pre-chlorination in conjunction with 
more regular sludge withdrawal was effective in controlling foaming. 
However, at the time pre-chlorination was started, a regular schedule 
for withdrawing sludge was adhered to and it is difficult to apportion a 
definite value in control of foaming to each of these factors. 
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Miscellaneous—A Roeder bio-reduction plant was put into prac- 
tical application at Davidson, North Carolina (4). It is claimed that 
‘‘the impurities removed from this sewage are put through a stabilizing 
process whereby the animal residues are converted to vegetable-like 
residue within 10 days because the organic matter which is grown is 
microseopie, of the order of yeast cells which grow and multiply very 
rapidly.’’ Description of the nature of the process is not clear and it 
is difficult to substantiate claims from the report. 

Imhoff (89) described a process of hot fermentation of raw sludge 
for fertilizer production practiced at Frankfort A.M., Germany, which 
appears similar to the practice in Atlantic City. Sludge from settling 
tanks is dried to 60 to 70 per cent moisture content and placed in piles, 
where bacterial fermentation takes place liberating heat (60 to 80° C.) 
and within 2 to 3 weeks a dry fermented sludge is obtained. The whole 
process takes 6 to 7 weeks. The percentage of organic matter in dry 
solids decreases from 59 to 438.2 per cent. The product has about 6 to 
12 per cent moisture and 2.02 per cent nitrogen. Odors are produced 
during the fermentation but the sludge is inodorous. 


MecHANICAL DEVELOPMENT 


There have been numerous descriptions of mechanical developments, 
some quite new, while others have been evolved from experience over a 
period of years but only recently reported. 

As a result of such experience, Johnson (94) (95) (96) reports that 
the new Calumet plant of Chicago Sanitary District will use consider- 
able amounts of alloy metal. For corrosion resistance alone stainless 
clad metal is specified, but where abrasion may be a factor, solid stain- 
less steel is used of 18-8 (18 per cent chrome, 8 per cent nickel). For 
resisting high heat as well as corrosion and abrasion in parts of the 
sludge-burning equipment an alloy of 28 per cent chromium and 8 per 
cent nickel, with a maximum of 0.25 per cent carbon, is specified. 

High chrome, high carbon steel has been used successfully for metal- 
izing worn pump impellers to a Brinell hardness of 400. The cost of 
such repair has been 14 to % of that for a new impeller. 

Kixperience has also been responsible for the design of equipment 
with high-ratio helical gear reduction, and motors only large enough to 
develop safe working stresses in the equipment. Shear pins have, thus 
been eliminated. The motors have overload protection. 

New plants built during the year are characterized by their effective 
use of mechanical equipment. Hansen (59) states, that at Buffalo 
economy of space dictated the use of vertical pumps with motors 
mounted directly on the pump castings. There are six of these pumps, 
each of 100 m.g.d. capacity. Two of the pumps have two-speed motors, 
giving flexibility in operation. An explosion-proof sewer inlet chamber 
is provided. Grit chambers are mechanically cleaned. Automatic 
screens discharge into ‘‘Triturators.’’ Five 6,000 lb. per day chlorina- 
tors are provided. Contact is obtained in the sedimentation tanks. 
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This plant has an extensive ventilation system with fans in several 
buildings exhausting to aduct in the piping tunnel and finally discharg- 
ing to an outer annular ring of the incinerator stack. 

Streander (162) described the Niagara Falls plant as an unusual one 
to serve an unusual condition. Unusual amounts of industrial wastes 
were claimed to preclude the use of any of the standard treatment 
methods. River conditions required only partial treatment. Fine 
screening was adopted but with special provisions for applying a thin 
mat of coke breeze to the screen surface, thus producing a screen filter 
for dry weather flows. For storm flows the mat is removed. The 
sereenings plus coke are pneumatically ejected to storage tanks sup- 
plied with multiple zone incinerators. The screened or filtered effluent 
is chlorinated. 

Ventilation for safety and odor control has been given considerable 
attention at St. Paul-Minneapolis as described by Schroepfer and Wil- 
bur (148). At Laguna Beach, Cal., according to Woodward (185), air 
is exhausted from covered tanks and discharged through chlorinated 
water sprays to a ventilation tower on a hillside above the plant. 

Of importance in connection with fully mechanized treatment plants 
is an understanding of measuring and recording instruments. De- 
Arman (32), Richardson (133) and Hartley (61) have described such 
equipment for measuring and recording air, gas or sewage flow, for 
transmitting such measurements, and of measuring small sewage flows 
with the fairly new ‘‘ Kennison Nozzle. 

Considerable equipment for sewage treatment has been adapted in 
the past from equipment designed for metallurgical work and now we 
have, according to Nichols and Tolman (124), a device for washing grit, 
adapted from the coal industry. This device, as tested at Indianapolis, 
reduced putrescible matter 85 per cent, vielding grit containing about 
1 per cent putrescible matter, using about 4.5 pounds of water to one 
pound of feed. The washed grit had little or no odor and seemed un- 
objectionable. 

Specially designed centrifuges have been tested for concentrating 
excess activated sludge prior to digestion. Kraus and Longley at 
Peoria, Ill. (105), found it possible to reduce the volume 80 per cent, 
and returned only 3.5 to 6.5 per cent of the total solids handled to the 
aeration units by way of centrifuge effluent. Sludge was reduced from 
one per cent solids to five per cent solids at the rate of 1,824 gallons 
of one per cent sludge per hour. The sludge had to be screened through 
a 30-mesh screen and the machine had to be shut down four times daily 
to clean the bowl. Centrifuges have been installed at Columbus, Ohio, 
for concentration of sludge prior to digestion. Difficulties have pre- 
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vented continuous operation. 

Donaldson (34) has reported experiences with a large capacity con- 
trifuge for dewatering coarse and fine screenings, grit and sludge. 
Yields of 700 to 800 Ibs. dry solids per hour were obtained against a 
guarantee of 500. Cake contained 68 to 70 per cent moisture against a 
guarantee of 65 per cent. Digested sludge of 9 per cent solids yielded 
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700 Ibs. per hour of 50 per cent moisture cake. There was approxi- 
mately 2 per cent solids in the effluent. Donaldson suggested chemical 
precipitation for the effluent. 

Transite pipe for sewage has gained some favor. Drury (37) states 
that no difficulty was encountered in laying 1,600 ft. of 16 in. pipe and 
obtaining tight joints at Ypsilanti, Mich. 

Considerable valuable information has been given on the installa- 
tion and operation of gas engines. Donaldson and Liebman (35) have 
contributed data on the Coney Island installation. This has produced 
sufficient power for all purposes. Varying the speed of the engine 
changes the current frequency, and thus the capacity of the sewage 
pumps, to correspond with the flow. It has been found that approxi- 
mately 26 cu. ft. of gas produces one kilowatt hour, or 17 ecu. ft., one 
B.H.P. Cost of operation and maintenance were not given. 

At Kokomo, Ind., Miller (118) reports an annual saving of $1,800 
per year on a $3,000 engine installation. Here, 30 cu. ft. of gas pro- 
duees one K.W.H. 

Niles (125) at Toledo, O., is so satisfied with the present installation 
of over 600 H.P. in two engines that a third and larger units is contem- 
plated. The annual savings is computed to be $13,000 on the $38,000 
installation. 


InpustriaL WASTES 


Increasing interest in the problem of industrial waste disposal has 
resulted in an unusually large number of papers. The general aspects 
of the problem are discussed by Weston (178) and by Herndon and 
Withrow (75), who report the progress made in New England and West 
Virginia, respectively. Recent developments in the treatment of several 
wastes are reviewed by Darby and Knowles (30). A general paper on 
British practice, and on recent industrial waste investigations of the 
Water Polution Research Board, has been given by Parker (130). 
Grevemeyer (54) reports extensive agricultural use of various wastes 
in Kurope. The effect of industrial wastes on fish and shellfish is the 
subject of a paper by Fisher (48). 

According to Eldridge (40), the significance of the biochemical oxy- 
gen demand test is somewhat doubtful for many industrial wastes, since 
the values obtained vary with dilution and seeding. The variation is 
due to an initial inhibition period, which may necessitate incubation 
periods longer than five days. 

Milk Plant Wastes.—The consensus of a number of papers dealing 
with milk plant waste is that the most promising lines of attack on 
the problem are reduction of losses within the plant itself, and the 
treatment of the waste by low or high rate trickling filters or by the 
Guggenheim biochemical process. Agar (1), after reviewing the vari- 
ous treatment methods in use, favors the trickling filter, and recom- 
mends pre-treatment by trickling filters or chemical precipitation if 
discharge of milk waste to a sewer system exceeds 10 per cent of the 
sewage flow. Trebler, Ernsberger, and Roland (168) stress the possi- 
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bilities of conservation within the plant, which, they indicate, will often 
permit direct discharge of the remaining waste into streams and sewers. 
They report the chemical cost for the Guggenheim process plants at 
Glen Karn, Ohio, and Marshall, Indiana, to be $1.00 and $1.60 per day, 
respectively, for daily flows of 6,000 to 15,000 gallons. Successful use 
of the activated sludge process at New Bremen, Ohio, and Sommerset, 
Pennsylvania, is noted. They also describe experiments on high rate 
trickling filters using tin cans as a filter medium. A three-stage tin- 
ean filter operated at 16 m.g.a.d. appeared to give the best results. The 
application of the Guggenheim process to milk waste is described in 
detail by the research staff of Guggenheim Brothers (57). 

Eldridge (38) reports satisfactory experiments on the use of the 
Guggenheim process. Best results were obtained when the waste was 
kept fresh, the pH maintained at 7.4 to 7.8 and the concentration of 
solids in the aeration tank held at 2,000 to 3,000 p.p.m. The B.O.D. 
reduction obtained was 89.3 per cent. In the same bulletin, experiments 
on high rate filters with both continuous and fill-and-draw recirculation, 
at total rates of 20 or more m.g.a.d., showed B.O.D. reduction of 85 to 
90 per cent when the waste was recirculated 8 to 12 times. Eldridge 
considers the fill-and-draw recirculating filter particularly suitable for 
small plants; he (39) gives plans and specifications for construction of 
standard low rate filters for milk waste treatment. 

Davis (31) describes English experiments on milk waste, ineluding 
a novel system of controlled aerated fermentation, followed by sedi- 
mentation of precipitated fat and casein, and by treatment of the efflu- 
ent on a trickling filter. Leviton and Leighton (111) have developed 
a process for extracting with alcohol lactose and proteins from spray- 
dried whey. 

Textile Waste-—Hedgepeth and Griffin (70) discuss the general na- 
ture of the textile waste problem, emphasizing the possibilities of 
changes within the plant to reduce or eliminate certain wastes. Snell 
(155) deseribes two methods of treating rayon boil-off wastes, the first 
involving precipitation of the soaps by ealcium chloride, with filtration 
of the sludge, and the second, filtration through a 3 ft. bed of ashes. 
Dyehouse wastes are successfully treated by coagulation with lime and 
copperas, followed by sand filtration, according to Schinman and Ruth 
(145). Fassina (42) describes French methods for dye-waste treat- 
ment, including electrolysis with iron or aluminum electrodes and the 
use of porous adsorbing materials such as treated wood. Béha (11) 
advocates treatment of dye wastes by passing them, while hot, through 
charcoal filters, and then coagulating with a mixture of aluminum, cop- 
per and ferric sulfates. 

Packinghouse Waste.—A valuable paper by Milling and Poole (120) 
deals with the operation of the activated sludge plant of the Kuhner 
Packing Company, at Muncie, Indiana. The treatment consists of pre- 
aeration, sedimentation, spiral-flow aeration with activated sludge for 
11 to 22 hours, and final clarification. Air consumption was 4.25 cu. ft. 
per gallon of waste, and operating cost $0.55 per hog unit packed. The 
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effluent had an average B.O.D. of 9 p.p.m., corresponding to 98.8 per 
cent removal. Each hog unit packed produced 560 gallons of waste, 
containing 3.14 lb. of B.O.D. Paunch manure and skimming’ were dis- 
posed of separately on farm land. 

Carollo (26) describes a plant built at Phoenix, Arizona, to treat a 
combination of meat packing, molasses, soap manufacturing, and dis- 
tillery wastes, with some domestic sewage. Treatment consists of 
chemical precipitation with ferric chloride made from iron and chlorine. 
(Grease recovery, use of sludge-digestion gas at the molasses plant, and 
irrigation of land with the effluent are expected to offset treatment costs. 

Beet Sugar Waste.—According to Oeming (127) treatment of beet 
sugar plant wastes by screening and sedimentation in large ponds, al- 
though commonly used, is unsatisfactory, since the effluents impart 
odors to surface water supplies. Eldridge (40) reports full seale ex- 
perimentation on a treatment plant which comprises grit removal, 
coagulation of the factory waste with the waste from the Steffens proc- 
ess and sedimentation. The sludge is conditioned with lime and de- 
watered by vacuum filtration. The reduction of suspended solids and 
B.O.D. were 95.9 and 54.7 per cent, respectively. The process is re- 
varded as promising, although the effluents still contain 200 to 400 p.p.m. 
of B.O.D. The report is discussed by Loreaux. 

Kldridge and Theroux (41) have continued the study of spray dry- 
ing of Steffens waste. Clogging of the spray nozzles appears to be the 
only obstacle to the development of the process. 

Cannery Waste——Experimental work on the coagulation of beet, to- 
mato, and squash canning waste by the usé of lime and ferric chloride 
is reported by Eldridge (40). Good removal of suspended solids and 
fair B.O.D. removal was obtained, except in the case of the squash waste. 
Pea cannery waste is treated by screening, coagulation with copperas 
and lime, and sedimentation, according to Warrick (173). 

Distillery Waste-—Complete recovery of distillery wastes by the new 
Hiram Walker process is described in papers by Boruff and Miller (19), 
and Cooley (29). The chief difference between this and older recovery 
processes lies in the centrifuging of the screened slop, which permits 
the remaining liquid to be concentrated to 45 to 50 per cent solids. 
Darby and Knowles (30) mention a treatment process which consists 
of heating the slop at high pressures, thus producing a rapid settling 
and filtering sludge. 

Pulp and Paper Waste-—Developments in recovery of by-products 
from sulfite pulp waste include the manufacture of vanillin and guaiacol, 
and of ligninphosphate, which is used as a seale preventive and remover 
for boiler waters. Production of vanillin, yeast, and tall-oil is de- 
scribed by Tomlinson (167). Schroeder, Berk, and O’Brien (146) re- 
port the use of sulfite waste liquor as a preventive of caustic embrittle- 
ment in boilers. Grevemeyer (55) states that sulfite liquors and wash 
waters from the soda and sulfate processes may be mixed with sewage 
or clarified white-waters and used for irrigation. 
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Brecht and Scheufelen (20) deseribe the use of Sveen size solution 
in conjunction with flotation save-alls to recover 90.6 to 99.3 per cent of 
the pulp in white waters. Air or other gases blown into white-waters 
earry the pulp to the surface, from whence it is easily removed, accord- 
ing to Karlstrém (99). Operation of the ADKA save-all, which re- 
eovers fibre and filler from white-waters by flotation, is deseribed by 
Darby and Knowles (30). 

Gas and Coke Plant Wastes——A method for complete disposal of 
ammonia liquor from coal gas retorts consists of passing the ammonia 
and water vapor from the retorts through glowing coke. Stief (160) 
reports that the hydrogen thus liberated is used as fuel for the retorts. 
Effluent water from producer gas plants is de-phenolized by treatment 
with magnesium and sodium chlorides, followed by electrolysis, accord- 
ing to Taganov and Novodereshkin (166). 

Tron Pickling Liquors—An extensive symposium on the regenera- 
tion of pickling liquors, with numerous contributors, was published in 
the periodical Stahl und EKisen. Most of the processes described con- 
sist of batch or continuous crystallization of ferrous sulfate, with return 
of the mother liquor to the pickling process. Sierp and Fransemeier 
(151) utilize partially dehydrated ferrous sulfate (FeSO,.H.O) as an 
aid to crystallization. Heimberger (73) describes a process using di- 
lute acid (0.1 per cent) at 70° C. as the pickling medium, the dissolved 
iron floceulating as ferric hydroxide. No waste is produced, the hy- 
droxide being removed and the acid made up to strength as required. 
Rinsing water is re-used. 

Stoof (161) describes a process for treating pickling waters in which 
the liquor is oxidized, the ferric salt solution thus obtained is clarified 
and returned to the pickling vats and the precipitated iron compounds 
are used for the manufacture of pigments. Ferron, a material pro- 
duced from the slurry formed by treating pickling liquors with lime, is 
described in the August issue of Chemical and Metallurgical Engineer- 
ing. It is claimed to be an excellent insulating and building material, 
which is plastic at one stage of manufacture, and can therefore be 
molded into any desired shape. Chlorinated spent pickling liquors 
have been used at Akron, Ohio, as coagulants for the water treatment 
plant. The acid content of the liquors proved helpful when the raw 
water was high in alkalinity, according to Gettrust and Hostetter (51). 

Tannery Waste.—Milligan (119) states that the methods in use in 
Pennsylvania for treating tannery wastes include sedimentation of 
mixed wastes, holding of tan liquors for periods of high stream flow, 
and treatment by means of trickling filters, preceded by chemical pre- 
cipitation if necessary. For tanneries discharging to sewers, two stage 
sedimentation tanks holding one day’s flow are recommended. 

Fassina (42) suggests removal of sodium chloride from tannery 


wastes with spent zeolite, mixing the effluent with waters containing 


soap to precipitate the lime, and removal of sulfides by electrolysis with 
iron electrodes. 
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Mine Wastes and Oil Field Brines.—Bleed water, the corrosive hot 
water produced in the Frasch process of sulfur mining, may be returned 
to the process if its corrosiveness is mitigated. This may be done by 
aerating, according to Burns and Smith (22), or by treatment with hy- 
drated lime, trisodium phosphate, or disodium phosphate and barium 
chloride, according to MeIver, Chatelain and Axelrad (115). 

Oil field brine disposal in Louisiana is discussed by Fuelbhardt (45) ; 
and in Michigan by Oeming (127), who states that ponding of the brines 
does not prevent them from reaching the streams, and recommends 
returning them to underground formations. 

Miscellaneous.—Wastes from the production of fish meal are treated 
by sedimentation, by evaporation, or by the removal of fat, according to 
Jordan (97). Lanninger (109) describes the disposal of the effluent 
from a potato starch factory by spraying on land, while Bartow and 
Walker (10) report recovery of inositol and other valuable chemicals 
from the steep water from corn starch plants. Waste waters from 
lass factories, containing polishing rouge, are clarified with milk of 
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, lime, according to Scheuring and Liebmann (144). 


At the Lawrence Experiment Station of the Massachusetts State 
Health Department, laundry wastes have been successfully treated with 
ferric sulfate. The B.O.D. reduction is 87 per cent. Sludge is dried 
on sand beds. 

At the Dow Chemical Company plant in Midland, Michigan, Harlow, 
Powers and Ehlers (60) reported that phenolic wastes were treated in 
a plant consisting of a clarifier and trickling filters. This plant reduces 
the phenol content of the waste from 20 or 30 p.p.m. down to 0.5 p.p.m. 
The filters may be ripened with river water, which contains phenol- 
destroying organisms. 


Errect oF InpustriAL WASTES ON SEWAGE TREATMENT 


Industrial wastes are apparently being handled at sewage plants 
in larger volumes and with fewer difficulties than in former years. 
Some operators have even come forward with statements regarding 
helpful effects of certain industrial wastes on sewage treatment proc- 
esses. 

Sedimentation, Chlorination.—At the Gulvin Park Sewage plant in 
Geneva, New York, Marshall reports difficulty with beet cannery waste, 
even though the waste had been subjected to screening at the cannery. 
The quantities of grit, settleable solids and B.O.D. in the sewage were 
increased, and the sewage had an abnormally high color. Unusually 
high chlorine dosages were required for maintenance of residuals in the 
plant effluent during the period of operation of the cannery. 

An informal discussion conducted by Snow (156) at the N. E. S. W. 
A. Spring Meeting brought out several interesting experiences with 
industrial wastes at New England sewage plants. At Greenwich, Con- 
neticut, photographic developers rendered the maintenance of chlorine 
residuals difficult, but laundry wastes were found to aid sludge digestion 
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by maintaining proper pH in the digesters. At New Haven, bleaching 
wastes chlorinated the sewage at times without cost to the city. At 
South Norwalk, paper mill wastes helped to clarify a sewage containing 
silk mill wastes and to produce a better-drying sludge. 

At the Medina, Ohio, plant, according to Orford and Scharch (128), 
a canning factory producing pickles and relishes was responsible in part 
for a high solids load, which resulted in rising sludge in the sedimenta- 
tion tanks, and the production of bad odors. Application of activated 
carbon proved beneficial in checking both conditions. 

tehm (49) states that industrial wastes, especially those containing 
acid, have been helpful in producing flocculation in sewage at New 
Brunswick. The pH of the mixed sewage and waste was about 4.0. 
The settled effluent contained only 12 to 22 p.p.m. suspended solids. 

Hauck (68) cites experience with iron pickling wastes at Cleveland. 
These wastes appear to travel through sewers as a slug, without under- 
going much dilution. Quantities which are small relative to the total 
sewage flow may therefore suffice to upset a treatment plant. 

Sludge Digestion.—Haseltine (63) reports that packing plant wastes 
have in the past caused difficulty with sludge digestion at Topeka. The 
new plant design therefore provided for three-stage digestion, with 
mixing equipment in the first stage tank for breaking up scum. Scum 
formation, however, has persisted in the new digesters, despite the 
mixing equipment. It is believed that this may be due to the high 
grease content of the packing house wastes. 

Trickling Filters—Husman (88) reports the successful treatment 
on a trickling filter of a mixture of 19 parts of sewage, and one part of 
waste from a plant producing benzine by hydrogenation of coal. 

Activated Sludge.—Dodge (33) experienced difficulty at Ann Arbor 
with wastes containing copper salts. The copper compounds increased 
the suspended solids in the aeration tanks, and seriously retarded the 
development of new activated sludge. 

Miles and Porges (116) (117) treated mixtures of sulfur dye waste 
and domestic sewage by the activated sludge process on a semi-plant 
scale. Variations in the amount of air supplied had little effect on the 
removal of B.O.D. and color. The rate of aeration, however, did affect 
the removal of suspended solids. The reduction in suspended solids 
increased with increased periods of aeration up to six hours, with little 
additional removal up to nine hours. Color removal seemed to be al- 
most directly proportional to the concentration of suspneded solids 
‘arried in the aeration tank. Beyond about 3,000 p.p.m. of suspended 
solids, no improvement in color removal was noted. 

In Greensboro, N. C. (53), a new activated sludge plant has been 
designed to treat 6.5 m.g.d., of which 2.0 m.g.d. are textile wastes. The 
plant is very flexible, permitting more than twelve different combina- 
tions in use of equipment. It will be possible to add chlorine, iron salts, 
alum or carbon at the entrance to the flash mixers, as well as to the 
aeration or final settling tanks. 
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At the Calumet works of the Chicago Sanitary District, iron from 
pickling waste has produced on the diffuser plates a deposit of ferric 
oxide, which has caused serious plugging of the plates. Coarse lime- 
stone laid over the plates to a depth of 4 to 6 inches has curbed the 
deposition of the oxide. At present, the wastes are excluded from the 
sewers, and their use as a sludge conditioner, in conjunction with 
chlorine, is being investigated. 

Haseltine (63) reports that packinghouse waste containing blood 
has produced rising sludge in the secondary clarifiers of the Topeké 
activated sludge plant. The rising is similar to that experienced at 
Sioux Falls, and is believed to be due to the formation of nitrogen gas. 
Packing plant grease, and grease and oil of mineral origin, have caused 
heavy scums on the primary clarifiers, and have, at times, entered the 
aerators in quantities sufficient to upset the activated sludge process. 


StrEAM PoLLUTION 


The increasing interest in stream pollution as a national problem 
resulted in the passage, by both the House of Representatives and the 
Senate, of the Barkley-Vinson Bill, which provided for federal and 
state co-operation in stream pollution control. The bill, however, failed 
to become a law, being vetoed by the President because there was no 
provision in it for review, by the executive branch of the federal gov- 
ernment, of the projects which an engineering board of control was 
authorized to recommend for the receipt of federal aid in the form of 
loans and grants. A revised form of the Barkley-Venson Bill has 
been presented during the present session of Congress, and, if passed, 
should stimulate both research in stream pollution and a co-ordinated 
program of pollution control. 

Progress has been made in the formation of interstate compacts on 
some of the main drainage basins. The Ohio River Valley Water Sani- 
tation Compact has been drafted and approved by the commissioners of 
the participating states and is to be submitted to their legislatures for 
ratification. This compact provides for a supervisory commission com- 
posed of three appointees from each state. It binds the signatory 
states to: 
faithful co-operation in the control of future pollution in and abatement of existing 
pollution from the rivers, streams and waters in the Ohio River Basin which flow through, 
into or border upon any of such signatory States, and in order to effeet such object, 
agrees to enact any necessary legislation to enable each such State to place and maintain 
the waters of said basin in a satisfactory sanitary condition, available for safe and 
satisfactory use as public and industrial water supplies after reasonable treatment, suit- 
able for recreational use, capable of maintaining fish and other aquatic life, free from 
unsightly or malodorous nuisances due to floating solids or sludge deposits, and adaptable 
to such other uses as may be legitimate. 

Under this compact, a minimum treatment required of effluents dis- 
charging into such interstate streams would be removal of at least 45 
per cent of suspended solids. 

Using a somewhat different procedure the Interstate Delaware Com- 
mission, comprising the four states of Delaware, New Jersey, New York 
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and Pennsylvania, recently entered into a reciprocal agreement for pol- 
lution control in the Delaware River Basin. This agreement was rati- 
fied by the New York and New Jersey legislatures, and was worked out 
by the state health departments of the four states concerned. The 
agreement divides the Delaware River system into four zones of de- 
creasing standards of cleanliness from the headwaters to the Atlantic 
Ocean. The minimum standards of Zone 4, which is the lowest portion 
of the stream, provide, Among other things, for a reduction of at least 
55 per cent of the total suspended solids in effluents discharging into 
the stream, absence of noticeable floating solids, oil and grease and 
germicidal treatment of the effluent when the discharge is near shell- 
fish grounds or recreational areas. Prior to the discharge of effluents 
into Zone 1, the clean headwater areas, there are required among other 
things, 85 per cent B.O.D. removal, a maximum B.O.D. of 50 p.p.m. and 
a maximum of 5 per cent depletion of the D.O. content of the receiving 
stream. B. coli in the effluent are limited to 100 per c¢.c. in any sample 
and 90 per cent of the samples must show less than 1 per c.e. 

In a discussion of the application of British standards for sewage 
effluents, Garner (47) stressed the unfavorable effects, under certain 
conditions, of bypassing stormwater flows in excess of six times the dry 
weather flow of sewage. He cited instances during the recent drought 
in which streams were in good condition during extreme low water, 
when the total sewage flow was being treated, but stream quality de- 
teriorated and fish were killed after short periods of rainfall when ex- 
cess storm water was discharged without treatment. 

Of major interest is the completion of the program for elimination 
of the most serious points of pollution in the Great Lakes drainage 
basin, sewage treatment plants having been completed at Niagara Falls, 
Detroit, Buffalo and Cleveland during the past year. 

Deoxygenation and Reacration—With the wide range of sewage 
treatment processes available, from which it is possible to select almost 
any desired degree of treatment, a more exact determination of the 
capacity of a stream for self purification becomes of prime importance 
in order to utilize economically this tremendous natural resource. Velz 
(169) presented a theoretical study of deoxygenation and reaeration 
based largely upon Phelps’ diffusion formula. The paper presents an 
interesting approach to this highly complex problem, but one which 
needs extensive trial on actual river data for its proper evaluation. In 
a later paper the same author (170) gives, briefly, the results of a 
recent study of pollution of the Hudson River. In this latter paper are 
shown dissolved oxygen profiles for the Hudson under present and 
under assumed conditions of one-third reduction of pollution such as 
would be obtained by primary treatment of tributary sewage. 

In a series of reaeration measurements in a closed channel with 
circulation induced by propellers, Kehr (102) found the reaeration rate 
of tap water was progressively decreased by the addition of sewage, the 
severity of the effect being also dependent upon the velocity of flow. 
Additions of 0.5 per cent and 2 per cent sewage reduced the reaeration 
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rate to about two-thirds that of tap water when recirculated at veloci- 
ties 10 ft. per minute or above, but had little effect on the reaeration 
rate when velocities were 5 ft. per minute or less. 

An excellent example of the practical application of reaeration cal- 
culations was presented by Wisely and Klassen (182) in their study of 
the Illinois River between Peoria and Beardstown. These authors esti- 
mated the rate of reaeration by the ‘‘oxygen balance’’ method in a 
stretch of the river where sludge deposits were absent and by applying 
the rate found to the stretch immediately below Peoria, obtained a 
value for the deoxygenating effect of the sludge deposits in this latter 
section. Using Streeter and Phelps’ ‘‘oxygen sag’’ formulation, they 
obtained excellent correlation between theoretical and observed D.O. 
values and concluded that critical conditions during low flows were 
largely due to sludge deposits which contributed 50 per cent of the total 
oxygen demand load of 526,000 lb. per day. The permissible pollution 
at Peoria which would give a minimum D.O. content of 4 p.p.m., if 
sludge deposits had been eliminated, was estimated to be 292,000 lb. of 
20-day B.O.D. per day. 

Sludge Deposits——Several papers dealing with sludge deposits have 
appeared during the past year. Baity (6) reported the results of a 
series of experiments in which sludge was placed in 20-liter sealed car- 
boys. The overlying water was continuously replaced, the demand of 
the sludge deposits being computed by summation of the difference be- 
tween influent and effluent oxygen contents. Baity concluded that the 
demand of a thin layer of sludge, .089 em., was essentially satisfied after 
36 days at 21.2° C. In other experiments, the oxygen content of the 
overlying water was found to have no consistent effect on the oxygen 
demand. Sunlight had no effect on the demand or on biological content 
and the salinity of the overlying waters had an inverse linear relation- 
ship with the oxygen demand. With increases in depth up to 4 em., the 
demand Y of a sludge was best expressed by an exponential relation- 
ship, 

Y = 2700 X** mgs. per day per sq. m., 


where X was the depth of the sludge in centimeters. The increase in 
rate of demand with increasing temperature checked well with Phelps’ 
formula for temperature effect on biochemical reactions. 

Rudolfs (140) in experiments with fresh and activated sludges, 
stored in open ecarboys up to 400 days, obtained with fresh sludge about 
65 per cent reduction of volatile matter and 95 per cent reduction of 
B.O.D. after 400 days. Replacement of the supernatant water gave a 
more rapid reduction in B.O.D. of the sludge up to 130 days. The 
supernatant water had a high demand during the early part of the 
experiment, but this decreased to 3.5 p.p.m. at the end of 400 days. 

In an extensive investigation of the hydraulic properties of silt and 
sludge deposits in the estuary of River Mersey, the Water Pollution 
Research group (175) of the British Department of Scientific and In- 
dustrial Research concluded that there was no appreciable difference 
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in the organic contents of mud from the upper estuary of the Mersey 
and that from the Irish Sea and various unpolluted estuaries in the 
British Isles, and that the crude sewage discharged into the Mersey 
estuary had no effect on the amount and hardness of the deposits in the 
estuary. 

Wasar, Husmann and Blochliger (174) studied a stretch of the 
Limmat River polluted by settled sewage from the City of Zurich for 
a year prior and a year following construction of an impounding 
reservoir which extended from 5 to 11.5 miles below the point of en- 
trance of Zurich sewage. Decreased aeration, together with sedimenta- 
tion in the reservoir, particularly by masses of sewage fungi which 
underwent acid fermentation, left the stream in worse condition than 
before construction of the reservoir when it was a rapidly flowing stream. 
The authors divide sludge into three categories: (1) A fine sludge de- 
rived from sewage, (2) a secondary sludge which is similar in char- 
acter to domestic sewage sludge, but which has its origin in decomposi- 
tion of Sphaerotilus growths and (3) mineral sludge carried in by high 
water. It was found that a distance of 8 stream miles were required 
to completely mix Zurich sewage with Limmat water. 

Stream Surveys.—Viehl (171) reported the results of two and a 
half years’ study of the Elster impounding reservoir above Leipzig. 
He found that B.O.D. reductions averaged 45 per cent in winter and 44 
per cent in summer when the presence of plankton tended to raise the 
B.O.D. At 0° C., B.O.D. reduction was 30 per cent. Decomposition of 
phenols was lower in winter, but the nitrite content of the effluent was 
higher, because of decreased utilization of the nitrates by plant life. 
Total bacteria counts were higher in winter due to the decrease of bac- 
teria-eating plankton. 

In a study of the Scioto River (Ohio) plankton, Lackey (106) de- 
scribed a rapid convenient method of counting plankton, which con- 
sisted of centrifuging 100 to 200 ¢.c. of river water and examining an 
aliquot portion, 1/20 to 1/24 c«.., of the concentrate spread uniformly 
under a 25 mm. square cover glass. He found that preserving speci- 
mens with formalin did not reduce total counts much, but did affect 
many of the characteristics necessary for identification. In another 
paper, the same author (107) lists at length the protozoa found during 
a year of study of the Scioto River. Certain species were tentatively 
suggested as indicators of pollution. 

Industrial Waste Pollution—Oeming (127) summarized methods 
used in Michigan to control pollution from waste oil field brines. In 
the Crystal Oil field 1,000 to 5,000 barrels per day are being returned to 
underground formations by gravity through dry holes or abandoned 
wells. Brine wastes from the Dow Chemical Company plant at Mid- 
land, which processes 45,000 barrels of brine daily for bromine, are 
handled largely by storage and rapid discharge during periods of maxi- 
mum dilution, with provision being made for operation of water plants 
on stored water while these slugs of brine pass waterworks intakes 
downstream. 
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Hawley (69) described the use of periodic flushing with stored water 
for the elimination of sludges of industrial origin in a stream near Fort 
Worth, Texas. During the year ending August 31, 1937, a total of 97 
days flushing were required, 400 to 500 c.f.s. being released for several 
days at a time. 

In a study of the decline of the oyster industry of the York River, 
Virginia, Galtshoff and his co-workers (46) could find no changes in 
natural conditions which would account for the decline in quality of 
oysters from the river. The river was polluted by paper mill wastes 
and it was found that in the presence of black liquor from the paper- 
mills, the rate of feeding of the oysters was reduced and growth was 
stunted. The oysters quickly recovered when placed in unpolluted sea 
water. 

Fisher (43) pointed out the many ways in which industrial wastes 
affect shellfish and fin fish. A river purifies itself more quickly from 
sewage pollution than from certain industrial wastes which may affect 
fish for much greater distances. Industrial wastes may decrease the 
oxygen content, add acid, alkalinity, salt or turbidity, blanket the bot- 
tom, be highly toxic, indirectly decrease the growth rate by decreasing 
food supplies or impart tastes to certain food fish. 

In a study of the biology of streams polluted by acid mine wastes, 
Lackey (108) found a decrease in numbers and types of organisms 
present as compared with unpolluted streams in the same locality, but 
found certain species abundant at pH values as low as 1.8. 

Smith (154) reported destruction of fish life in a tributary of the 
upper Columbia River by eyanides which had leached out of a mine 
refuse pile containing 1.21 pounds of sodium cyanide per ton. 
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STUDIES OF SEWAGE PURIFICATION 


IX. TOTAL PURIFICATION, OXIDATION, ADSORPTION AND 
SYNTHESIS OF NUTRIENT SUBSTRATES BY 
ACTIVATED SLUDGE 


By ©. C. Rucunort, Principal Chemist; C. T. Burrerriep, Principal Bacteriologist; P. D. 
McNAMEE, Assistant Chemist, AND ELSIE WATTIF, Assistant Bacteriologist, U. S. 
Public Health Service, Stream Pollution Investigations, Cincinnati, Ohio 


The first phenomenon taking place when a nutrient substrate such 
as sewage is aerated with activated sludge has been described (Par- 
sons,’ Theriault,? Heukelekian,*® and others) as the clarification stage. 
The term clarification has been defined as the removal of carbonaceous 
and nitrogenous organic matter in all states of dispersion (suspension, 
colloidal and true solution) from the substrate by the sludge as a result 
of coagulation, adsorption and other mechanisms. A number of theo- 
ries to explain the mechanism of clarification have been proposed and 
have been recently reviewed by Theriault.2. Theriault*** has also 
proposed a new biozeolitie theory. These theories will not be discussed 
here. The clarification process is generally considered to be very rapid, 
equilibrium being reached in 30 to 40 minutes. This stage is followed 
by what has been described as reactivation, or restoration of the powers 
of clarification. The present paper is a further presentation of the re- 
sults of a study of clarification and reactivation phenomena of the ac- 
tivated sludge process. 

In three earlier papers” **° of this series, data upon the oxidation 
rates of nutrient substrates aerated with activated sludge during the 
clarification stage have been obtained by the ‘‘difference’’? method. In 
these papers data were presented on the rate of reduction of the bio- 
chemical oxygen demand of the organic matter in the substrates that 
resulted during portions of the first 24-hour aeration period with ac- 
tivated sludge. The studies showed definitely that rates of biochemical 
oxidation of substrates by activated sludge are much higher than the 
rates obtained normally in polluted streams or in dilution bottles. The 
tremendous bacterial populations containing oxidation enzymes, pres- 
ent and active, when fresh nutrient substrates are mixed with activated 
sludge was proposed as the explanation of the high rates of biochemical 
oxidation that are observed. 

It is the purpose of this paper to present data on the total removal of 
biochemical oxygen demand (B.O.D.) of nutrient substrates by ac- 
tivated sludge and to show what portion of the total removal may be 
accounted for by oxidation. The demonstration of the portion of the 
total B.O.D. removal that is the result of oxidation has not been made 
before. The removal of organic matter as measured by the reduction 
of the total carbonaceous oxygen demand (ZL value) of the substrate will 
be defined here as the total B.O.D. removal or total purification. The 
quantity of oxygen utilized by the sludge-nutrient substrate mixture as 
a result of the addition of the substrate (as has been described * *), is 
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defined as the B.O.D. of the substrate removed by oxidation. The dif- 
ference between the total B.O.D. removal and the oxidation of the sub.- 
strate will be referred to here as the net adsorption and synthesis. It 
should be understood, however, that the term net adsorption and syn- 
thesis is used simply for convenience and that this term includes also 
any B.O.D. removal accomplished by coagulation, hydrolysis and any 
possible mechanisms other than oxidation. 


EXPERIMENTAL METHODS 


Sludge.—Data will be presented showing the total purification and 
oxidation of substrates when aerated in the presence of pure culture and 
plant activated sludges. The pure culture sludges used were identical 
with those already described.* The plant sludges were obtained from 
the north side plant at Lancaster, Pa., and from the experimental plant 
at this station. 

Nutrient Substrates.—Synthetie sewage of the composition given in 
an earlier paper * of this series was used in experiments with both pure 
culture and plant activated sludge. This material simulated sewage in 
its biochemical oxygen demand value but had no suspended detritus and 
contained all of the nutrient material in true colloidal or soluble form. 
It contained peptone and meat extract as nutrients besides small quanti- 
ties of urea, disodiumhydrogen phosphate and other inorganic salts 
usually found in sewage. Domestic sewage filtered through cotton was 
used in experiments with normal activated sludge and after sterilization 
also with the pure culture sludge. The domestic sewage was heat steri- 
lized (15 Ibs. steam pressure for 20 minutes) when used in experiments 
with pure culture sludge. Previous experimental work * indicated that 
heat sterilization altered the condition of the sewage less than other 
sterilization methods and also that this sterilized sewage was as suitable 
a substrate for activated sludge development as the sewage before 
sterilization. 

Dilution Water.—The quarter strength phosphate buffered *° (For- 
mula C) water was used for all dilution purposes in these experiments. 

General Procedure.—The procedure followed in these experiments 
has been described in detail.‘ Briefly it consisted of aerating simul- 
taneously and at approximately the same rate, six liters of sludge- 
nutrient substrate mixtures in one large bottle and a liter of 
sludge-dilution water mixture and a liter of sludge-nutrient substrate 
mixture in two separate closed aeration bottles. The total B.O.D. re- 
moval was determined by periodic examination of the substrate in the 
large bottle and the extent of oxidation was followed in the closed 
bottles. 

In order to save the time required to separate the sludge from the 
supernatant by settling and to reduce the quantity of sample required, 
each aeration mixture sample taken to determine total B.O.D. removal 
was first filtered through No. 1 Whatman paper, and diluted portions 
of the filtrate were then immediately prepared for incubation. This 
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procedure, used in experiments with synthetic sewage, did not remove 
any oxidizable material which would not have been removed by settling 
for the synthetic sewage nutrients were entirely in colloidal and soluble 
form. In the experiments with cotton filtered sewage it is possible that 
the procedure may have indicated in some cases a slightly higher or- 
eaniec matter removal than would have been obtained by settling after 
short periods of aeration. 

However, comparative B.O.D. tests on filtered supernatant and su- 
pernatant after one hour settling, following 24 hour aeration periods of 
sterile sewage and synthetic sewage with pure culture activated sludge, 
indicated that there was very little difference between the two pro- 
cedures. These computed LZ values as derived from B.O.D. results at 
various periods of incubation are tabulated below: 





| ; 

ae : L Value of 
; es Initial L Value alia om Percentage 
Experi- | : of Substrate ee 1 es Reduction 
ment | Substrate Feed 24 Hours 





Number | 
| Settled | Filtered | Settled | Filtered | Settled | Filtered 





| Sterile Sewage 279 277 33.7 21.8 87.9 92.1 

















2 Sterile Sewage 517 515 49.0 56.8 90.5 88.9 
3 Synthetic Sewage — 400 36.7 34.2 90.8 91.5 





The filtration procedure was, therefore, adopted for all experiments 
as being the best method of removing the sludge particles quickly in 
order to obtain an estimate of the total quantity of nutrient material 
remaining in the substrate. 


Pure Cutture Activated SuupGE EXPERIMENTS 


The pure culture sludges represent the simplest activated sludge 
system because they contain the floes of only one bacterial species and 
no plankton or protozoa. Accordingly, the data on the experiments 
performed with pure culture sludge will be presented first. In Table I 
are presented the basic data of biochemical oxygen demands of the 
nutrient substrates used in all our experiments with pure culture sludge. 
The initial B.O.D. of the mixture of nutrient substrate and remaining 
sludge liquor was caleulated from the B.O.D. of the old supernatant 
removed and the B.O.D. of the nutrient substrate added. The B.O.D. 
of the supernatant after various periods of aeration was determined by 
the dilution method. Using the theoretical formula for rate of carbon- 
aceous oxidation of sewage at 20° C. [y=Z (1-10*')] with k = 0.1 and 
each B.O.D. value of the supernatant shown in Table I, an Z value or 
total carbonaceous oxygen demand was calculated. However, B.O.D. 
observations for long incubation periods, where examination showed 
nitrification, were not included in calculations of the Z value. The 
means of the Z values ealeulated from all incubation time B.O.D. ob- 
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servations for the supernatant after each aeration time are shown in 
Table IT. 

From the data in Table II, the percentage reduction in the total ear 
bonaceous oxygen demands (Z values) of the substrates obtained after 
various periods of aeration with pure culture sludge, were caleulated 
and are shown in Table III. Curves showing the mean percentage 
reduction of these Z values for the experiments with sterile sewage and 
with synthetic sewage substrates aerated with pure culture sludge are 
shown in Fig. 1. Curves showing the maximum and minimum sub- 


TaBLeE I.—B.0.D. of Supernatants When Nutrient Substrates Are Aerated in the Presence of Pure 
Culture Activated Sludge 


B.O.D. B 


‘ .O.D. of Supernatant Liquor After the Indicated 
neu- 


Ex- | Sus- 
Aeration Time in Hours 


peri- | pended| Nutrient bati 
ae é' vation 
ment | Solids, | Substrate ee 


No. | P.p.m. Period, 





Days 0 16 14 3 5 10 24 
| 1420 | Sterile 2 109.0 | 59.5 | 198 | 128 | 12.0 7.9 
Sewage 3 138.0 62.0 23.8 Bye 15.0 10.1 
{ 164.0 | 81.0 | 27.4 | 17.0 | 18.0 12.2 
5 186.0 | 97.5 | 318 | 222 | 19.7 | 14.9 
2 1632 | Synthetic 2 174.0 | 85.0 | 61.0 | 22.5 | 12.5 | 7.0 
Sewage 3 193.0 | 114.0 | 89.0 | 35.0 | 23.5 11.2 
$ | 208.0 | 141.0 | 103.0 | 47.5 | 39.5 | | 15.3 
5 | 228.0 | 157.0 | 114.0 | 51.0 | 38.5 | 15.8 
| 
3 | 843 | Sterile 2 159.0 | 67.5 | 32.2+ | 18.0¢ | : @2 
Sewage 5 | 202.0 | 95.5 | 46.0+ | 26.4¢ | 14.4 
7 | 242.0 | 112.0 | 51.2t 27.2t | | 26.0 
11 230.0 | 100.0 | 53.7t 32.6 | 28.0 
13. | 249.0 | 104.0 | 63.54 35.8t | | 31.5 
| 
{ 2644 | Sterile 2 90.0 | 30.5 | 19.0 13.0 oe | @2 1 72 
Sewage 5 129.0 | 40.0} — 15.0 | 13.0 | 9.6 | 12.6 
7 130.0 39.0 15.5 | 20.7 | 18.4 10.8 | 13.9 
| 10. | 135.0 | 61.0 | 27.7 | 210 | 168 | 16.0 | 17.6 
| 15 133.0 | 60.5 | 36.5 | 36.0 | 24.4 22.0 | 21.6* 
20 186.0 | 79.0 | 39.7 | 57.0* | 31.8 | 26.0 | 34.2* 
| } 

5 | 1560 | Synthetic 2 | 113.0 28.2 | 10.0 | 188 |. 196 | 10.3 
Sewage} 5 | 154.0 | 66.0 | 44.5 | 27.2 | 226 | 280 | 15.5 
7 172.0 | 110.0 | 47.5 | 28.5 | 248 | 360 | 17.3 
10 | 205.0 | 122.0 | 51.7 | 30.7 | 35.4 37.8 | 23.3 
15 | 215.0 | 120.0 | 55.0 | 440 | 39.2 45.0 | 29.2 
20 | 305.0 | 149.0 | 68.5 | 42.7 | 67.6* | 43.2 | 53.8" 

| 
6 | 2428 | Synthetic 2 113.0 | 78.5 | 51.5 | 200 | 138 | 80 | 13.5 
Sewage 5 154.0 | 114.0 | 78.0 | 31.2 | 196 | 16.4 | 208 
7 | 171.0 | 121.0 | 74.0 | 34.5 | 252 | 21.8 | 26.0 
| 10 205.0 | 133.0 | 90.5 40.0 | 18.8 26.0 | 35.0 
| | | 15 | 2140 | 149.0 | 107.0 | 51.5 | 40.4 | 23.4 | 78.9% 





| | 20 | 305.0 | 165.0 | 131.0 | 100.0* | 45.0 29.2 | 161.0* 
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TaBLeE 1—Continued 



























































Ex- | Sus- B.O.D. B.O.D. of Supernatant Liquor After the Indicated 
peri- |pended| Nutrient rin Aeration Time in Hours 
ment | Solids, | Substrate Period oo = 
Y > ’ | | 
_ cece Days 0 V4 | 14 | 3 | 5 | 10 24 
7 1632 | Sterile 2 89.9 | 27.5 | 27.0 | 21.2 | 17.8 11.2 | 22.6 
| Sewage 5 | 1290] 425 | 41.0 | 27.2 | 18.0 15.4 | 26.4 
| 7 | 1300] 45.0 | 39.0 23.8 19.4 | 28.7 
10 | 135.0 | 55.0 | 53.0 33.4 19.6 | 30.0 
Ss | ee) — 57.0 51.0 19.9 | 46.4 
20 | 190.0 | — _ | 109.0 69.6 36.0 | 81.2 
8 | 1056 | Sterile 2 | 196.0 | 88.5 | 40.5 | 23.2 | 17.8 14.6 | 12. 
Sewage 5 | 289.0 | 115.0 | 56.0 | 35.7 | 28.0 18.2 | 19.5 
7 | 286.0 | 113.0 | 64.5 | 42.2 | 33.6 | 22.0 | 22.8 
10 | 337.0 | 124.0 | 72.0 | 45.7 | 37.2 40.0 | 29.7 
15 | 358.0 | 135.0 | 78.2 | 498 | 46.2 | 43.8 | 308 
20 435.0 | 150.0 | 85.0 | 85.0 | 41.6 46.0 | 38.2 
9 | 2112 | Sterile | 2 | 1960] 56.5 | 29.5 | 18.5 | 17.2 11.6 9.5 
Sewage | 5 289.0 95.0 | 51.0 28.0 | 24.2 17.0 17.0 
| 7 | 277.0 | 96.5 | 645 | 35.7 | 24.0 24.0 | 19.5 
| 10 | 336.0 | 110.0 | 67.5 | 39.0 | 286 | 34.0 | 18.0 
| 15 | 359.0 | 106.0 | 73.0 | 39.5 | 27.2 34.8 | 23.9 
| 20 | 434.0 | 140.0 | 77.5 | 44.7 | 33.0 35.4 | 28.5 
| | | | 
10 1112 | Synthetie| 2 | 81.3 65.5 | 44.5 | 22.5 | 18.08 8.6 | 13.6 
Sewage | 5 | 108.0 | 85.0 | 65.0 | 31.2 | 23.68 | 20.6 | 16.0 
| 7 | 123.0 | 98.0 | 78.0 | 36.0 | 27.8§ | 24.0 | 19.0 
| | 10 | 166.0 | 105.0 | 90.0 | 41.7 | 29.6§ | 30.0 | 22.4 
| | 15 | 172.0 — | 122.5 | 485 | 41.0§ | 35.0 | 246 
| | 20 | 210.0 | 128.0 | 102.0 | 49.7 | 41.4§ | 36.4 | 263 
| | 
| | | 
1 2232 | Synthetic} 2 | 79.6 | 43.0 | 195 | 17.5 | 84 15.0 9.6 
Sewage | 5 | 106.0 | 66.0 | 33.5 | 21.2 | 25.0 19.0 | 11.5 
| | 7 | 1220 | 72.0 | 40.0 | 23.7 | 30.4 20.0 | 12.8 
| 10 | 165.0 | 85.0 | 35.0 | 287 | 35.8 22.0 | 18.1 
| | 15 | 170.0 | 88.5 | 48.0 | 38.2 | 32.0 24.0 | 18.7 
| | 20 | 207.0 | 115.0 | 53.5 | 47.5 | 40.0 35.0 | 24.7 














* Nitrification indicated. {2 hours. {4 hours. §41% hours. |! 22 hours. 


strate L value reductions obtained on both sterile sewage and on syn- 
thetic sewage are shown in Fig. 2. These curves indicate that the L 
value of the substrate was removed very rapidly by pure culture ac- 
tivated sludge which had been developed on either sterile sewage or on 
synthetic sewage. The fact that there is a consistent difference between 
the curves representing the L value removed in the synthetic sewage 
and in the sterile sewage experiments may be explained in whole or in 
part by chemical as well as physical differences between the two sub- 
strates, but the possibility cannot be ruled out that part of the observed 
difference may be a reflection of an unequal response of the sterile 
sewage and synthetic sewage substrates to the filtration technique. 
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TaBLE IJ.—Total Carbonaceous Oxygen Demand (L Value) of Supernatant When Nutrient Substrates 
are Aerated in the Presence of Pure Culture Activated Sludge 











L Value of Supernatant Liquor Initially and After the 
Indicated Aeration Time in Hours 














Experi- | 
ment No. _ $< —— ’ 
| Initial 4% 1% 3 5 | 10 | 24 
1 } 279 | 141 48.4 | 31.5 | 30.3 _ | 20.98 
2 |} 384 | 231 | 1700 | 71.2 | 50.7 — 22.58 
3 | 27 | 12% | 641% | — | 36.4t | — | 2 
4 | 178 66.7 | 35.9 |} 23.9 | 199 | 187 
5 251 129 64.0 ; 38.9 15.2 | 25.7 
6 250 167 115.0 48.1 34.3 | 25.9 34.6 
7 | 179 63.5 59.9 | 470 | 388 | 259 | 43.4 
8 | 416 163 86.5 | 59.3 43.7 ms | Sas 
9 | 414 131 77.3 44.1 342 | 326 | 248 
10 184 134 107.0 49.7 39.2 | 31.6 | 268 
11 | 182 101 19.1 37.9 35.1 29.7 | 20.5 


Sterile sewage feed used in Experiments 1, 3, 4, 7, 8, 9. 


Synthetic sewage feed used in Experiments 2, 5, 6, 10, 11. 


*2 hours. {4 hours. {4% hours. § 22 hours. 


TaBLeE III.—Percentage Reduction of Total Carbonaceous Oxygen Demand (L Value) of Supernatants 
When Nutrient Substrates are Aerated in the Presence of Pure Culture Activated Sludge 


LV alue - Percentage Reduction of Z Value after Indicated 
Experi- Initial Aeration Time in Hours 
Super- 


ment No. 
haat, j _ a 





P.p.m. ly 14 3 5 10 24 
1 279 19.5 82.7 88.7 89.1 — 92.54 
2 384 39.8 55.7 ms | ee i* — | weer 
3 | 277 55.2 | 76.9t 86.9§ | - | 89.4 
4 | 178 62.5 79.8 83.9 | 866 | 888 | 895 
5 | 251 48.6 74.5 | 85.1 | 845 | 820 | 898 
6 | 250 33.2 54.0 | 808 | 863 | 896 | 862 
7 | 179 64.5 665 | 737 | 733 | 855 | 758 
8 | 416 | 608 79.2 85.7 | 895 | 907 | 923 
9 414 | 684 81.3 89.3 | 91.7]| | 92.1 | 940 
10 184 272 11.8 73.0 | 78.7 | S28 | 54. 
11 182 44.5 73.0 79.2 | 80.7 83.7 88.7 
Ster. Sew. 
Avg.* 2900 | 602 | 77.7 | 843 | 870 | 893 | 88.9 
| | 
Syn. Sew. | | 
Avg.t 250 | 38.7 | 598 ‘| 79.9 | 83.4 Si5 | SRR 


* Sterile sewage feed used in Experiments 1, 3, 4, 7, 8, 9. 
7 Synthetic sewage feed used in Experiments 2, 5, 6, 10, 11. 
t2hours. §4 hours. ||4'% hours. { 22 hours. 
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However, it is believed that future research will probably show that 
most of the difference may be ascribed to the chemical and physical 
differences between the two substrates. It will be noted from Table 
III and Figs. 1 and 2, that the total purification was less rapid with 
synthetic sewage, that is, in a substrate in which all of the nutrient 
material was in colloidal or true solution. 

As the larger suspended particles would be removed from sewage by 
filtration through paper, the sewage purification, as illustrated by these 
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Fic. 1.—Total purification of nutrient substrates aerated in the presence of pure culture 
activated sludge. 


curves, might be criticized as being too rapid due to the filtration em- 
ployed to separate the supernatant from the sludge before the B.O.D. 
tests were made. It has been shown * ™ that suspended matter is easily 
removed by aeration of sewage followed by sedimentation and more 
easily by aeration in the presence of activated sludge. Also, as stated 
previously, comparative tests on supernatants after filtration and after 
settling showed no material differences. It is believed, therefore, that 
the filtration, introduced to quickly separate the sludge, did not alter 
materially the B.O.D. removal results in the experiments employing 
normal sewage. 
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The quantities of oxygen used to oxidize the nutrient substrates in 
the experiments with pure culture sludge are shown in Table IV. The 
method of obtaining these data has been described * in detail and need 
not be repeated here. Table V shows the data of Table IV computed to 
percentages of the initial L values of the supernatant. These results 
represent the proportion of the substrate Z values oxidized in succes- 
sive periods. In Fig. 3 are representative curves illustrative of the 
rate of reduction of the Z value of the substrate produced by oxidation. 
It should be noted that between 27 and 40 per cent of the L value of the 
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Fig. 2.—Representative curves showing total purification of nutrient substrates aerated in 
presence of pure culture activated sludge. 


substrate has been oxidized in 5 hour’s aeration and that these figures 
increase to about 40 to 60 per cent at the end of 24 hours. This shows 
that with these activated sludge systems, a greater proportion of the L 
ralue of the substrate was satisfied in the first 5 hours than is satisfied 
in the first day under normal biochemical oxidation (20.5 per cent with 
a k of 0.1 at 20° C.). 

Purification by Oxidation—When the percentages of the L value of 
the substrates that are oxidized as given in Table V, are divided by the 
corresponding percentages of total purification, as given in Table ITI, 
the fractions of the total purification that have been accomplished by 
oxidation are obtained. The results of these computations are shown 
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in Table VII. The mean percentage of the total carbonaceous purifica- 
tion that is accomplished by oxidation for the synthetic and sterile sew- 
age experiments are plotted in Fig. 4. These data indicate that, with 
pure culture activated sludge (developed by one species of bacteria 
rather than a grossly mixed culture) an average of 16 and 21 per cent 


TasLe 1V.—Quantities of Oxygen Used to Oxidize the Nutrient Substrate When Aerated in the 
Presence of Pure Culture Activated Sludge 


























| Initial L Milligrams of Oxygen Used per Liter in Indicated 
Experi- | pnoty | Time in Hours 
ment No. | cia 
|} natant, | 
| P.p.m. | 4 ; 1% | 3 5 | 10 | 24 
1 } 279 | 248 | 47.5 | 63.8 75.3 -~ 111.9§ 
2 | 384 | 310 79.3 | 106.9 121.0 _ 158.38 
3 | 277 | 207 54.4* ne 75.5t — 159.3 
4 |} 178 | 213 40.7 56.7 52.0 75.8 107.9 
5 | 251 22.7 56.8 77.8 94.5 105.8 115.3 
6 | 250 |. 123 38.3 63.0 83.8 99.5 155.8 
7 | io | aoe 40.9 46.3 64.4 74.8 103.9 
8 416 | 29.7 63.2 86.7 118.0 166.4 233.0 
9 |} 414 | 486 724 | 102.9 130.1 158.4 193.2 
10 \ | ae 40.8 | 53.3 | 67.2t 86.3 95.6 
11 is2 | 247 478 | 636 | 74.5 83.5 84.2 





*2 hours. {4hours. {4% hours. § 22 hours. 


of the LZ value removed during the first half hour was the result of 
oxidation. These percentages increased rapidly and at the end of 5 
hours, an average of about 35 and 48 per cent, respectively, of the total 
purification of sterile sewage and of synthetic sewage was the result of 
oxidation. The data definitely indicate that biochemical oxidation is a 


TaBLe V.—Percentage of the Total Carbonaceous Oxygen Demand (L Value) of the Nutrient Substrate 
Oxidized When Aerated in the Presence of Pure Culture Activated Sludge 



































Percentage Oxidized in the Indicated Time in Hours 
Iexperi- 
ment No. | | : | | 
4 | 1% 3 | 5 10 24 
1 8.9 17.0 22.9 27.0 -- 40.1§ 
2 8.1 20.7 27.8 31.5 _— 41.2§ 
3 1.5 19.6* — 27.37 — 57.5 
4 12.0 22.9 31.9 29.2 42.6 60.6 
S 9.0 22.6 31.0 37.6 42.2 45.9 
6 4.9 15.3 25.2 33.5 39.8 62.3 
¢ 11.4 22.8 25.9 36.0 41.8 58.0 
8 ra 15.2 20.8 28.4 40.0 56.0 
9 i A Fee 17.5 24.9 31.4 38.3 46.7 
10 14.7 22.2 29.0 36.5} 46.9 52.0 
11 13.6 26.3 34.9 40.9 45.9 46.3 
*2hours. {4hours. {4% hours. § 22 hours. 
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factor of major importance to the clarification stage of these activated 
sludge systems. 

Net Adsorption and Synthesis.—As the percentage of the Z value of 
the substrate that has been removed and the percentage that has been 
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oxidized are given in Tables III and V, respectively, it is necessary only 
to subtract the percentages in the latter table from the corresponding 
percentages in the former to obtain an estimate of the percentages of 
purification that were the result of net adsorption and synthesis. The 
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net percentages of the Z value of the substrate that is removed by 
adsorption and synthesis, computed in this way, are shown in Table VI. 
In Figs. 5 and 6 are shown the total purification, oxidation and net 
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adsorption and synthesis curves for experiments 9 and 11 with sterile 
sewage and with synthetic sewage respectively. These two figures il- 
lustrate the proportions of the total purification assignable to oxidation 
and to net adsorption and synthesis which may be expected to occur dur- 
ing the first ten hours of aeration with pure culture sludges. Fig. 7 
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Synthetic Sewage 
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Pure Culture Activated Sludge 





Net Percentage Removed by Adsorption and Synthesis in 
Indicated Time in Hours 


14 11 4 
10.6 65.7 
17.7 YP hs 
90.5 56.9 
53.1 | 3.4 
3.4 64.0 
56.7 63.8 
50.4 58.6 
31.7 35.0 
39.6 51.9 
28.3 38.7 
12.5 19.6 
30.9 16.7 

38.4 


28.6 


1144 hours. § 22 hours. 


5 | 10 24 
62.1 — | 52.4 
59.6 | — | 319 
57.4 | 46.2 | 28.9 
a3 | 67 | 178 
61.1 | 507 | 36:3 
60.3 | 53.8 17.3 
57.1 | 48.6 35.8 
55.3 — | S206 
16.9 39.8 13.9 
52.8 19.8 23.9 
42.2t 35.9 33.4 
39.8 37.8 12.4 

10.8 39.3 


Actually Oxidized When Aerated with Pure Culture Activated Sludge 


Substrate 


Feed Used 


Sterile Sewage 





“cc “cc 

“cc “c 

“ce “ 

“ “c 

“ “ce 
Sterile Sewage 


Synthetic Sewage 





11 


Mean 


““ ““ 
“ “cc 
“cc “cc 
“cc “cc 


Synthetic Sewage 


* Excluding No. 10. 
+ Excluding No. 7. 
t 2 hours. 


§ 4 hours. 





Percentage Oxidized in the Indicated Aeration Time in Hours 


MY 1% 
18.0 20.6 
13.6 25.51 | 
19.2 28.7 
a7 34.3 
11.7 | 19.2 
Wit | eS 
16.2 25.0 
20.4 37.2 | 
18.5 30.3. | 
48 | 283 | 
54.0 | 53. | 
30.6 36.0 | 
21.1* 33.0% 
© 22 hours. 


414 hours. 





5 | 10 24 
30.3 ie 13.44 
31.4§ — 64.3 
33.7 48.0 67.7 
46.0 | 48.9 | 76.5 
31.7 | 44.1 | 60.7 
34.2 | 416 | 49.7 
34.6 | 45.6 | 57.2t 
36.3 pes 13.84 
44.5 51.5 51.1 
38.8 44.4 72.3 
46.4] 56.6 60.9 
50.7 54.8 52.2 
33 | 518 | 
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TaBLeE VI.—Net Percentage of the Total Carbonaceous Oxygen Demand (L Value) of the Nutrient 
Substrate that is Removed by Adsorption and Synthesis When Aerated in the Presence of 


TaBLe VII.—Percentage of the Total Carbonaceous Oxygen Demand Reduction of the Substrate 
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shows the mean net adsorption and synthesis curves for sterile and for 
synthetic sewage aerated with pure cultures. 
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sterile sewage substrate aerated with pure culture activated sludge. (Exp. No. 9.) 


Normau ACTIVATED SLUDGE K}xPERIMENTS 


The experiments with normal (i.e. grossly mixed cultures) activated 
sludge were conducted in exactly the same way as those with pure cul- 
ture sludge. Activated sludge from the north plant at Lancaster, Pa., 
was used in the first eight experiments. Experiment 9 consisted of a 
series of tests made on sludge from our experimental plant during the 
development of activated sludge. The details of experiment 9 have 
been described ® and need not be repeated. 

The base data showing the biochemical oxygen demands of the super- 
natants in this series of experiments are given in Table VIII. The 
mean total carbonaceous oxygen demands (Z values) were calculated 
from the data in Table VIII in the manner described above. These eal- 
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culated data are presented in Table IX. The percentages of reduction 
of the total carbonaceous oxygen demands were calculated as for the 
pure culture experiments. These percentages are shown in Table X. 

The quantities of oxygen used to oxidize the nutrient substrates in 
these experiments are given in Table XI. With these quantities and 
the initial total carbonaceaus B.O.D. (LZ value) of the substrate the per- 
centages of the L value oxidized were caleulated as shown in Table XII. 
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Fig. 6.—Representative curves showing reduction of total carbonaceous oxygen demand of 
synthetic sewage substrate aerated with pure culture activated sludge. (Exp. No. 11.) 


The asterisks in Tables XI and XII indicate that in experiments 4, 
8 and 9-S9, nitrification of the substrate was underway at the comple- 
tion of the experiments when examinations for nitrite and nitrate were 
made. As examinations for nitrite and nitrate had not been made 
earlier it is not possible to tell when the nitrification began. It seems 
reasonable to assume that in these three experiments with actively 
nitrifying activated sludge that the nitrification of the substrate began 
between the first and third hour of aeration. Consequently the oxida- 
tion values given in Table XI for these experiments should be reduced 
by the quantity of oxygen required to produce the nitrites and nitrates 
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Fig. 7.—Net pereentage of total carbonaceous oxygen demand (LZ value) of nutrient 
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present, as the observations on total purification were confined to the 
carbonaceous stage. Corrections for nitrification could not be made in 








these experiments because of the lack of the intermediate nitrite and 
nitrate data. The results of these experiments are retained to demon- 
strate the wide differences in the purification obtained under these con- 
ditions even though the total purification and oxidation in such cases 
may not be strictly comparable. This complication did not enter into 
the pure culture sludge experiments because the cultures employed were 
incapable of oxidizing ammonia nitrogen. In all of the normal ac 
tivated sludge experiments, except the three mentioned above, nitrites 
and nitrates were not found in the substrate at the completion of the 
aeration period and consequently all of the oxygen was utilized in oxi 
Taste VIII.—B.O.D. of Supernatants When Nutrient Substrates Are Aerated in the 
Presence of Normal Activated Sludge 
— a — — - = —<—<—— 
| B.O.D. of Supernatant Liquor After the Indicated 
B.O.D. Aeration Time in Hours 
Ex- | | Incu- = 
peri- | Pe ended | Nutrient bition Parte Per Million 
ment | Solids, | Substrate |... radio ews 
Period, ———_—_——__—. 
No. | P.p.m. | | 
| Days | Initial : ; r | 
ls 11s 3 5 10 | 24 
0 | | 
“| 4610 | Settled 3 | 132 | 32. 15.1 ss | 92] 58 | 45 
Sewage 5 162 12.8 | 24.0 13.0 | 10.7 8.0 | 11.7 
7 | 168 19.6 | 32.6 17.1 | 13.0 9.0 | 13.6 
| 10 | 200 62.0 | 40.0 | 214] 158 | 140 | 13.8 
| 
| 
2 | 1000 | Settled 3 | 189 |1240 | 73.6 | 56.5 19.3 | 10.5 
| Sewage 5 | 251 | 152.0 | 82.0 | 840 } 29.0 | 12.0 
7 296 173.0 | 111.0 | 188.0 | 32.8 | 12.6 
| 10 | 394 | 209.0 | 150.0 | 139.0 } 411 | 21.1 
| | | 
| | 
3 2448 | Settled 2 96.6 | 24.8 15.6 6.2 Ca) 230°) 89 
Sewage 5 | 1420] 42.0 | 28.3 174/ 68 | 88 | 60 
7 | 155.0 | 48.0 | 291 | 17.0 | | 13.8 | 10.8 
10 | 171.0 | 123.0 | 77.3 | 625 | 50.0 | 21.4 | 
| 15 | 244.0 | 169.0 | 132.0 | 94.0] 648 | 40.6 | 25.2 
20 352.0 | 189.0 | 137.0 69.6 | 34.6 | 25.0 
| 
4 2504 | Clarified 2 17.6 | 11.4 | 10.8 23; 20 | 35 | 83 
| Sewage 5 67.0 | 19.6 | 24.9 6.4 78 | 60 | 87 
| 7 77.4 | 61.6 10.0 25.5 | 15.0 15.2 | 13.0 
10 80.6 | 59.0 | 60.6 | 380] 33.5 | 15.9 
| 15 32:5 | 135.0 88.6 75.9 | 51.8 23.5 28.9 
| 20 186.6 | 155.0 | 109.2 | 54.0 | 24.5 19.8 
| 
5 | 2812 | Synthetic 2 | 160 |111.0 | 95.2 | 800] 70.0 | 269 | 14.4 
| | Sewage 5 | 257 | 172.0 | 161.0 | 140.0 | 124.0 | 62.5 | 22.0 
| | 7 | 297 | 206.0 | 188.0 | 182.0 | 145.0 | 86.2 | 32.5 
| | 10 | 322 | 253.0 | 234.0 | 190.0 | 195.0 | 119.4 | 58.9 
| 15 | 336 | 390.0 | 323.0 221.0 | 152.0 | 75.2 
| 449.0 | 157.0 | 80.7 
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381 


53.7 | 


96.8 | 


106.0 
122.0 


125.0 | 
124.0 | 


60.6 | 
114.3 | 
| 101.0 
| 105.0 
100.0 
158.0 


164.3 
165.5 


216.3 


264.5 | 


129 
234 
200 


219 
285 


415 


63.7 


64.5 | 


96.8 
126.0 


54.5 
125.0 
140.0 
148.0 
148.0 
177.0 











14 


| 162.0 
220.0 
239.0 
260.0 
399.0 
| 465.0 


60.0 
96.0 
110.0 
| 128.0 
| 227.0 


276.0 


— Cm Ne 
>DAwnwan 


_ 


a5 


80.0 


10.0 
32.0 
78.0 
80.0 


| 107.0 
253.0 


24.0 
51.0 
40.0 
42.5 
76.5 


30./ 
44.! 


by 


65.5 
93.0 
94.0 


or NI tr bo 


~ 
~ 


or 





1% 


23.8* 
36.8* 
46.0* 


112.0 
171.0 
195.0 
220.0 
| 393.0 
402.0 








92.0% | 


162.0* 
| 180.0* 


8.6* 
10.8* 


22.4* | 


| 
37.4* 


5 fs 


46.2* 


37.5* 
59.5* 
60.5* 


72.0* 


89.5* | 


| 115.0* | 


13.5* 


46.0* 


66.0* 
40.5* | 
25.0* 

138.0* | 


13.6* | 


14.0* 


24.0* | 


16.8* 


10.6* 
15.6* 


21.0* 
24.2* 


43.0* 




















5 10 24 
74.0 27.6 6.7 
123.0 47.6 13.0 
168.0 55.4 12.0 
246.0 74.8 18.5 
264.0 142.0 49.7 
309.0 163.0 62.0 
13.67 9.1 4.6 
21.77 10.3 10.5 
Ey A 17.0 1s 
58.0¢ | 32.1 9.3 
91.87 | 35.0 27.2 
97.17 | 44.9 28.5 
14.8t 6.0 8.0 
20.07 10.9f 10.0 
18.67 14.0 11.9 
35.07 18.0f 13.0 
31.4f 18.5} 14.9 
30.4T 18.7} 15.0 
26.07 10.1 
31.77 13.6 
35.07 19.3 
TV127 20.5 
60.77 34.6 
97.5T 70.3 
6.2 
26.07 17.0 
38.5T 18.0 
21.0+ 21.8 
64.5t 
| 169.07 
11.8¢ 13.4 
22.6t 15.5 
21.07 21.7 
9.8T §.2 
11.47 9.4 
15.6F 16.2 
26.67 24.0 
35.8T 
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Ex- Sus- ata ee 
peri- | pended| Nutrient | a 
ment | Solids, | Substrate baie | 
No. | P.p.m. ei | 
| Days | Initial | 
| 0 
9-S6 | 1448 | Settled | 2 | 51.9 | 
Sewage 5 | 83.6 
| 7 99.6 | 
10 | 113.0 
15 | 121.0 
20 | 129.0 | 
Settled 2 | 135.0 
Sewage 5 | 1820 
7 =| 225.0 
10 266.0 
15 | 306.0 
| 20 336.0 | 
10-S9 | 2864 | Settled 2 | 147 
Bewage | 5 144 
} 7 | 231 
10 228 
15 | 231 
20 | 25 














* 2 hours. 


B.O.D. of Supernatant Liquor After the Indicated 
Aeration Time in Hours 





51 


+ 4 hours. 





Parts Per Million 





lg 1 1 > 

——|——_ 
16.0 | 12.7* | 
31.5 23.2* | 
26.5 24.0* | 
40.5 42.5% | 
46.5 | 
66.0 | 

| 








10.0 13.0* | 
kes 16.5* | 
29.0 | 26.2* | 
9.0 24.2* | 
55.5 29.2* 
76.0 35.2* 
18.5§ | 

25.58 

34.58 

36.08 | 

39.0§ | 
51.58 | | 





3 5 10 24 
18.87 3.0 
22.07 7.5 
21.0t 9.8 
24.27 
44.87 | A A 
52.8T 1D: 





31.2 
17.8 8.8 
29.0 14.6 
30.5 22.2 
32.0 23.6 
37.0 27.4 

26.8 


41.5 | 


9.07 
16.87 
23.47 
27.27 


30.2 


; 








8.0 
13.4 
15.0 
17.8 
16.8 


22.8 


i Be 
] 


oe bw 
oe sJ 


1 
19.4 
18.9 








t 12 hours. 


§ 1 hour. 


TaBLE IX.—T otal Carbonaceous Oxygen Demand (L Value) of Supernatant When Nutrient 
Substrates are Aerated in the Presence of Normal Activated Sludge 


Experi- 
ment 
No. 


Poens! 
| 
| 
| 
| 


1S 


~ 


8 

9-S1 
9-83 
9-S4 
9-S5 
9-S6 
9-S8 
9-S9 


Activated 
Sludge 


Solids, 
P.p.m. 


4610 
1000 
2448 
2504 
2812 
2676 
2268 
3564 

182 

760 
1188 
1462 
1448 
2920 
2864 








L Value of Supernatant Liquid Initially and 
After the Indicated Time in Hours 


Suspended | 





| o | % 
| 234 | 64.6 
| 388 230.0 
| 214 | 62.9 
| 103 | 50.6 
385 | 273.0 
| 395 337.0 
| 33 150.0 
135 47.0 
189 121.0 
296 | 74.0 
| 83.8 | 46.8 
165 76.4 
128 43.1 
305 35.7 
| 287 | 43.8 














14 3 5 10 
37.6 20.4 17.0 12.5 
144.0 130.0 42.0 
40.0 21.1 13.2 14.6 
45.8 22.4 18.2 15.2 
247.0 215.0 | 184.0 90.8 
260.0 232.0 | 197.0 74.2 
69.4* 43.2+ | 24.2 
34.8* 32.44 | 18.0¢ 
87.4* 60.5t 
51.4* 36.54 
20.4* 22.9+ 
29.8* 25.9t 
36.4* 36.51 
29.8* 27.9+ 
| 40.7 25.8t 











Settled sewage feed used in Experiments 1, 
Clarified sewage feed used in Experiment 4. 
Synthetic sewage feed used in Experiments 5 and 6. 
* 2 hours. 





+ 4 hours. 


¢ 12 hours. 





2, 3, 7, 8 and 9. 
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TaBLE X.—Percentage Reduction of Total Carbonaceous Oxygen Demand (L Value) of 
Supernatants When Nutrient Substrates are Aerated in the Presence 
of Normal Activated Sludge 





















































Experi- . scene Percentage Reduction of ZL Value After Indicated Time in Hours 
ment : : 
No. Super- . 
natant % 1% 3 5 10 24 
1 234 72.4 $3.9 91.4 92.7 94.7 93.8 
2 388 40.7 62.9 66.5 89.2 95.0 
3 214 70.6 $1.3 90.1 93.8 93.2 93.6 
4 103 50.9 55.5 78.3 82.3 85.2 85.9 
5 385 29.1 35.8 44.2 52.2 76.4 90.3 
6 395 14.7 34.2 41.3 50.1 81.2 95.4 
a 334 55.1 1932" 87.17 92.8 96.1 
8 135 65.2 74.2* 76.07 86.7f 88.1 
9-S] 189 36.0 1573 Ho 68.07 87.6 
9-S3 296 75.0 82.6* 87.77 92.5 
9-84 | 838 44.2 75.7* 72.7+ 74.9 
9-85 | 165 53.7 81.9% 84.3+ 88.7 
9—-S6 | 128 66.3 71.6* CLOT 91.6 
9-S8 305 88.3 90.2* 90.9t 93.6 
9—S9 | 287 $4.7 85.8 | 91.07 93.3 
Settled sewage used in Experiments 1, 2, 3, 7, 8 and 9. 
Clarified sewage used in Experiment 4. 
Synthetic sewage used in Experiments 5 and 6. 
*2 hours. +4 hours. {12 hours. 
Taste XI.—Quantities of Oxygen Used to Oxidize the Nutrient Substrate When 
Aerated in the Presence of Normal Activated Sludge 
; ; Initial G. | Milligrams of Oxygen Used per Liter in Indicated 
Experi- Velewek | Time in Hours 
_— Super- | = 
No. 
| natant 4 | 114 | 3 | 5 10 24 
1 234 13.9 46.9 81.0 134.2 161.5 173.8 
2 388 3.9 26.7 47.7 122.2 176.3 
3 214 8.3 24.0 50.4 75.1 101.7 
i 103 22.0 44.1 80.7 107.3 124.4* 
5 385 8.2 36.6 54.1 71.4 121.4 130.0 
6 395 18.8 45.5 71.0 89.8 139.0 184.6 
7 334 bod 41.2} 88.7§ 145.6 189.8 
8 135 25.2 49.7t 106.7§ 155.9]| 213.7* 
9-S1 189 0.0 7.3} 16.0§ 46.6 
9-S3 296 16.4 39.0f 49.0§ 86.4 
9-S4 83.8 0.4 10.0t 13.88 16.4 
9-S5 165 21.2 34.8f 42.6$§ 121.7 
9-S6 128 20.5 36.5f 45.6§ 94.6 
9-S8 305 47.07 84.8 92.8 89.2 
9-S9 287 29.1f 137.3 158.6 226.4* 























Settled sewage used in Experiments 1, 2, 3, 7, 8 and 9. 


Clarified sewage used in Experiment 4. 


Synthetic sewage used in Experiments 5 and 6. 


* Substrate was being nitrified. 


71 hour. 


{2 hours. 


§ 4 hours. 


|] 12 hours. 
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TasBLe XIT.—Percentage of the Total Carbonaceous Oxygen Demand (L Value) of the Nutrient 
Substrate Oxidized When Aerated in the Presence of Normal Activated Sludge 


Experiment 


No. 


L 


ww) 


oe 


9-S1 
9-S3 
9-S4 
9-S5 
9-S6 
9-S8 
9-S9 


= 








Percentage Oxidized in the Indicated Time in Hours 
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TaBLeE XIII.—WNet Percentage of the Total Carbonaceous Oxygen Demand (L Value) of the Nutrient 
Substrate that is Removed by Adsorption and Synthesis When Aerated 
in the Presence of Normal Activated Sludge 
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Experi- | Nutrient Synthesis in Indicated Time in Hours 
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4 1s 3 5 10 24 
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8 « a 16.5 37.4t 0.0 | O0§ | 0.0 
4 Clarified Sewage 29.5 12.7 0.0 | 00 0.0 0.0 
5 Synthetic Sewage 27.0 26.3 | 30.1 33.7. | 44.9 56.5 
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9-86 “ | 50.3 | 431+ | 35.91 | | 17.7 
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dizing carbonaceous material. In these experiments, therefore, the 
total purification and oxidation data are as comparable as in the pure 
culture sludge experiments. 

The net percentages of the Z value of the substrate removed by 
adsorption and synthesis (obtained as above for pure culture sludges) 
are given in Table XIII. The percentages of L value removal accom- 
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Fig. 8.—Reduction of total carbonaceous oxygen demand (LZ value) of settled sewage 
substrate aerated with activated sludge. Experiment 1. 4610 p.p.m. normal activated sludge. 
Initial substrate L value = 333 p.p.m. 


plished by total purification, by oxidation and by net adsorption and 
synthesis for a number of experiments with normal activated sludge 
have been plotted in Figs. 8 to 13. For this presentation the experi- 
ments were selected to illustrate the effects of some of the factors which 
influence the purification mechanism. 

In Experiment 1 a sewage with an J value of 233 p.p.m. was aerated 
with a sludge of 4610 p.p.m. of suspended solids. The results plotted 
in Fig. 8 show that total purification was very rapid, 72.4 per cent of 
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the L value being removed in 0.5 hour and over 90.0 per cent in 3 hours. 
The ZL value reduction produced by oxidation was 5.9 per cent in 0.5 
hour. This rapidly increased to 57.4 per cent in 5 hours. The net 
adsorbed and synthesized results reached a maximum of about 66.5 per 
cent in 0.5 hour and then dropped rapidly, falling below the percentage 
oxidized after about 4.0 hours. After 24 hours 74.3 per cent of the L 
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Fic. 9.—Reduction of total carbonaceous oxygen demand (L value) of settled sewage 


substrate aerated with activated sludge. Experiment 2. 1000 p.p.m. normal activated sludge. 


Initial substrate ZL value = 389 p.p.m. 


value had been oxidized and only 19.5 per cent remained as adsorbed and 
synthesized material. As it seems reasonable that most of the bio- 
chemical synthesis accompanying bacterial multiplication had been com- 
pleted before the 24 hour period, and that such synthesis might be 
estimated at from 5 to 10 per cent of the Z value, this would leave 9.5 
to 14.5 per cent of the material removed from the substrate still ab- 
sorbed or coagulated in the sludge after 24 hours. The results of ex- 
periment 1, just discussed, illustrate the activated sludge purification 
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mechanism when a large quantity of non-nitrifying activated sludge is 
given a normal quantity of nutrient substrate. 

The results of experiment 2 illustrate the mechanism of purification 
when a small quantity of activated sludge (1000 p.p.m. suspended solids) 
is dosed with a substrate having a rather high (389 p.p.m.) ZL value. 
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Fig. 10.—Reduction of total carbonaceous oxygen demand (ZL value) of settled sewage 
substrate aerated with activated sludge. Experiment 3. 2448 p.p.m. normal activated sludge. 
Initial substrate L value = 214 p.p.m. 


The purification results as plotted in Fig. 9 for this experiment are 
quite different from those shown in Fig. 8. In this case the total puri- 
fication is only about 40.7, 62.9, 66.5 and 89.2 per cent of the L value 
after 0.5, 1.5, 3 and 10 hours respectively, although in 24 hours a high 
value of 95 per cent was reached. The percentages of oxidation of the 
L value are also much lower than in experiment 1, being 1.0, 6.9, 12.3 
and 31.5 after 0.5, 1.5, 3 and 10 hours. Consequently the net adsorbed 
and synthesized results attain a value of 56.0 per cent after 1.5 hours, 
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after which this value slowly increases reaching a maximum of about 
60 per cent at about the 5th hour and then falls very slowly to about 58 
per cent in 10 hours. After 24 hours of aeration about 50 per cent of 
the L value is still retained as adsorbed and synthesized materials. In 
this case the percentage oxidized has not reached 50.0 at the end of the 
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Fig. 11.—Reduction of total carbonaceous oxygen demand (ZL value) of settled sewage 
substrate aerated with activated sludge. Experiment 8. 3564 p.p.m. of an actively nitrifying 
activated sludge. Initial substrate L value = 135 p.p.m. 


24 hour period. This may be interpreted as the result of an overdose 
of nutrient material for the quantity of sludge used in this experiment. 

The results of experiment 3 are shown plotted in Fig. 10 and illus- 
trate an intermediate condition between those of experiment 1 and 2. 
In this experiment the total purification is more rapid than in experi- 
ment 2 andvery similar to that observed in experiment 1. The 
percentage oxidation results are considerably lower than those of ex- 
periment 1 and considerably higher than were observed in experiment 
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2. As a consequence, the net adsorbed and synthesized results reached 
a maximum of about 70 per cent at the end of the 1.5 hour period and 
then receded rapidly, falling below the percentage oxidized by the tenth 
hour. It seems apparent from the results presented in these three 
figures (8,9 and 10) that the aeration time required for the percentage 
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Fig. 12.—Reduction of total carbonaceous oxygen demand (L value) of clarified sewage 
aerated with activated sludge. Experiment 4. 2504 p.p.m. normal activated sludge. Initial 
substrate L value = 106 p.p.m. 


oxidation to exceed the percentage net adsorbed and synthesized is an 
index of the adsorption-oxidation balance. A proper adsorption-oxida- 
tion balance is essential for the satisfactory operation of an activated 
sludge system. 

At present the optimum proportion of oxidation to net adsorption 
and synthesis for any practical aeration time is unknown. It would 
seem from these experiments that Fig. 10 might illustrate a system with 
an approximately optimum adsorption-oxidation equilibrium. 
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The data obtained in two experiments in which the sludge actively 
nitrified the substrate during the 24-hour aeration period are plotted in 
Figs. 11 and 12. For reasons explained above no corrections for nitri- 
fication were made. It is possible that nitrification did not start until 
the third or fifth hour of aeration in which case the carbonaceous oxida- 
tion and adsorption relationships are about as indicated in the figures 
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Fic. 13.—Reduction of total carbonaceous oxygen demand (Z value) of synthetic sewage 
substrate aerated with activated sludge. Experiment 5. 2812 p.p.m. normal activated sludge. 
Initial substrate L value = 385 p.pm. 


for the first three hours. It will be noted that the time at which the 
percentage of the substrate organic matter oxidized exceeds the per- 
centage net adsorbed and synthesized in these experiments is much 
shorter than in experiments 1, 2 and 3 where nitrification had not been 
initiated. It seems reasonable to conclude that in experiments 4 and 8 
most of the total purification of the substrate could be accounted for by 
oxidation by the end of the fifth hour of aeration and that the proportion 
of purification resulting from oxidation was higher than in the first 
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three experiments. It is also noted in experiments 4 and 8, with active 
nitrification, that the proportion of total purification resulting from ad- 
sorption and synthesis rapidly becomes negligible. Further studies on 
the course of total purification, carbonaceous oxidation, nitrification, 
and adsorption and synthesis of substrates aerated with nitrifying 
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Fig. 14.—Types of curves for net adsorption of L value of substrates obtained during the de- 
velopment of an activated sludge. (Experiment 9.) 


sludges are needed to interpret more intelligently the clarification phe- 
nomenon in such systems. 

The data obtained in experiment 5 with a synthetic sewage sub- 
strate and normal activated sludge are plotted in Fig. 13. In this figure 
the curves are somewhat similar to those in Fig. 9 illustrating a case of 
overloading. But in this case the rate of total purification was much 
lower than in any of the experiments with domestic sewage. In fact, 
this rate is also very much lower than that obtained with similar sub- 
strates aerated with pure culture sludges. 
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The substrate oxidation rates with synthetic sewage in experiments 
5 and 6 are similar to those with domestic sewage for the first few hours. 
Consequently, the failure of these sludges to remove the carbonaceous 
demand of colloidal and soluble material at a higher rate cannot be 
ascribed to a failure of bacterial oxidation. The proportion of the 1 
value of the substrate to the quantity of sludge was even lower than this 
proportion in the pure culture sludge experiments. The results of ex- 
periments 5 and 6 in the normal activated sludge series indicate that 
such, sludge does not have as great a capacity for removing organic 
matter from colloidal or true solution as does pure culture sludge. This 
may be interpreted as evidence indicating that the larger quantity of 
inert inorganic or mineral matter, which normal activated sludge always 


TaBLE XIV.—Percentage of the Total Carbonaceous Oxygen Demand Reduction of the Substrate 
Actually Oxidized When Aerated with Non-Nitrifying Activated Sludge 








; Percentage Oxidized in Indicated Time in Hours 
Experiment | 














No. 

| lé 114 3 5 10 8| 24 
1 8.15 23.8 37.9 61.9 7229 | 792 
2 2.46 11.0 18.5 35.3 | 47.8 
3 5.52 | 138 26.2 37.4 | 510 | 
5 7.22 26.5 31.9 35.4 as i 
6 2.7 | 33.6 13.6 45.3 43.3 | 49.0 
7 3.81 | 15.5 30.5 47.0 | 59.1 
9-S4 113° | = 15.7 | 227 | 26.0 
9-S5 23.8 | 25.8 | 30.6 | 83.2 
9-S6 | 181 | 816 39.2 79.0 
Mean | 114 | 21.9 31.6 37.9 | 484 | 57.6 








Settled sewage used in Experiments 1, 2, 3, 7 and 9. 
Synthetic sewage used in Experiments 5 and 6. 


contains, reduces the capacity of the active bacterial surfaces for re- 
moving colloidal and soluble organic matter. 

The percentages of the net adsorption and synthesis of the substrate 
L value obtained in a number of the tests made in experiment 9 are pre- 
sented in Fig. 14. The four curves in this figures defining the rate of 
change in the percentage of the LZ value removed by adsorption and 
synthesis, illustrate the change in the form of the curves that takes place 
during the development of a good activated sludge. The first test (S1) 
was made after the aeration tank had been operated on the fill-and-draw 
principle for three days and 182 p.p.m. of sludge as suspended solids 
were present. The curve representing the net proportion of ZL value 
of the substrate adsorbed and synthesized for S1 has the same form as 
the total purification curve. The fourth test (S4) was made 28 days 
after aeration was started and 1188 p.p.m. of sludge as suspended solids 
were present. The net adsorption and synthesis curve for this test had 
changed form considerably from the first test and it will be noted that 
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it reached a maximum of about 63.8 per cent in 1.5 hours after which the 
percentage slowly dropped to 55.4 in 24 hours. In every test thereafter 
(S6, S9) a maximum point in the net percentage adsorbed and syn- 
thesized was reached at about the 0.5 to 1.5 hour aeration time and from 
this point on the values decreased. The maximum rate of reduction in 
the percentage net adsorbed and synthesized values was observed in the 
ninth test (S9) in which a small quantity of nitrate was found at the 
end of the experiment. The change in the form of these curves is 
ascribed to the increasing quantity of adsorbing surface and to the in- 
creasing capacity of the sludge to oxidize substrate during the early 
hours of aeration. Data on the development of the oxidizing capacity 
of the sludge have been presented in greater detail in an earlier paper.® 

The proportions of substrate Z value reductions produced by oxida- 
tion when the substrate is aerated with non-nitrifying sludge have been 
calculated and are shown in Table XIV. These data indicate again, as 
was the case with pure culture sludge, that oxidation is an important 
factor in B.O.D. removal with activated sludge. There is however, a 
considerable variation in the percentage of total purification accom- 
plished by oxidation. After aeration for a half hour of settled sewage 
substrates with normal activated sludge from 2.45 to 23.7 per cent of 
the total observed purification was accomplished by oxidation. After 
1.5 hours these values increased to 11.0 to 31.6 per cent and in 5.0 hours 
to 22.7 to 61.5 per cent. The data indicate that at the temperature of 
the experiment (20° C.) the percentage of total purification produced 
by oxidation varied with the condition of the sludge, with the dispersion 
and chemical composition of the substrate, and with the proportions of 
sludge and substrate in the mixture. 


Discussion 


These experiments have indicated the proportions of total removal 
of the carbonaceous biochemical oxygen demand of a substrate which 
may be credited to oxidation and to net adsorption and synthesis re- 
spectively, when various conditions obtain. Great differences in the 
ratio of the extent of oxidation to the net adsorption and synthesis 
occurred under conditions of underdosing and overdosing. Additional 
experiments, which are not described here, have shown the effect of 
prolonging these conditions on the activated sludge mechanism. It is 
certain that the quality and dosing rate of the substrate must be such 
as to promote an optimum oxidation, net adsorption and synthesis 
equilibrium for the continued success of the activated sludge process. 
If this is not done the efficiency of the process falls and eventually un- 
expected and formerly unexplainable failure results. 

These experiments suggest that, although sludge reaeration is often 
resorted to as an activated sludge corrective measure, this is not always 
the proper procedure. A number of cases might be mentioned where 
sludge reaeration was harmful because the bacteria were not maintained 
in a state of activity for lack of food and the oxidation adsorption 








224 SEWAGE WORKS JOURNAL March, 1939 


equilibrium was upset. In general, it would appear that long aeration 
periods should be avoided when weak sewages are being treated. The 
data indicate that the ratio of sludge to sewage and the aeration period 
must be carefully adjusted to maintain the sludge in a state of optimum 
activity for maximum B.O.D. removal and economical operation. As 
long as sufficient air is used to keep all of the sludge suspended and 
dispersed throughout the liquor and to satisfy the oxygen requirements 
of the aeration mixture, the exact quantity is unimportant from the 
standpoint of sludge adsorption and oxidation efficiency. From the 
economic standpoint, therefore, the air should be adjusted to the mini- 
mum necessary to maintain the above conditions. 


SUMMARY AND CONCLUSIONS 


Two series of experiments have been performed, one with activated 
sludges developed by a pure culture of bacteria and one with normal 
activated sludge composed of grossly mixed bacterial species, including 
plankton. Some experiments with domestic sewage (as a substrate) 
and some with synthetic sewage, were carried out in each series. Each 
experiment was arranged so that estimations of the removal of the total 
carbonaceous oxygen demand (ZL value) of the substrate and also of the 
oxidation of the L value of the substrate were obtained simultaneously. 
The proportion of the Z value of the substrate removed by oxidation 
and by net adsorption and synthesis and the total removal have been 
ealeulated for each experiment from the data obtained. The results for 
the proportions of purification of the substrate Z value accomplished by 
these various mechanisms during the clarification stage of the activated 
sludge process have been plotted for a number of representative experi- 
ments. The following conclusions appear to be warranted by the re- 
sults obtained. 

1. There is a remarkable similarity between the purification accom- 
plished by these mechanisms with both pure culture and normal ac- 
tivated sludges. This seems to justify the conclusion that the clarifica- 
tion mechanism of normal activated sludge is essentially the same as 
with the biologically simple, pure culture sludge. 

2. The rate of removal of the Z value (total carbonaceous B.O.D.) 
of the substrate is very high for the first half hour and this high rate 
may continue for an hour and a half or even three hours. From 80 to 
95 per cent of the LZ value of a sewage substrate can be removed in five 
hours aeration with such sludges. The quantity and quality of the 
sludge influences the rate and extent of total purification accomplished 
in a given time. 

3. The synthetic sewage used in these experiments contains no 
suspended matter and has undoubtedly a somewhat different chemical 
composition than sterile sewage. The fact that activated sludge re- 
duced the Z value of sterile sewage more rapidly than the L value of 
synthetic sewage indicates, therefore, that either the state of dispersion 
or the chemical composition or both may be factors which influence the 
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L value reduction of substrates. Nutrients in soluble form seemed to 
be more rapidly removed by pure culture sludge than by normal ac- 
tivated sludge. 

4. The proportion of the Z value reduction of the substrate that is 
actually oxidized varies from about 2.5 to 30 per cent in 30 minutes and 
these values are increased to 30 to 60 per cent after 5 hours aeration. 
These variations depend upon the quality and quantity of both sludge 
and substrate in the aeration mixture. From these results it must be 
concluded that biochemical oxidation is a factor of major importance to 
the suecess of the purification phenomenon. 

5. The percentage of the Z value removed from the substrate as a 
result of net adsorption and synthesis (all mechanisms other than oxi- 
dation) increases rapidly from the start for from 0.5 to 3.0 hours. 
During this period a maximum of about 50 to 70 per cent of the Z value 
is removed by adsorption and synthesis. After the maximum point is 
reached the net percentage of the LZ value removed by adsorption and 
synthesis decreases. The rapidity of this decrease varies considerably 
in different systems and apparently depends to a great extent upon the 
oxidation mechanism. 
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CARBON AND NITROGEN TRANSFORMATIONS IN 
THE PURIFICATION OF SEWAGE BY THE 
ACTIVATED SLUDGE PROCESS * 


I. WITH MIXTURES OF SEWAGE AND ACTIVATED SLUDGE 
By H. HevKevexkian anv M. L. Litrman 


Associate and Graduate Student, Dept. Water and Sewage Research, New Brunswick, N. J. 


Heukelekian and Schulhoff (1) have reported that considerable elari- 
fication and purification of sewage was obtained when small amounts 
of clarifying bacteria isolated from activated sludge were inoculated 
into sterile sewage and incubated under quiescent condition. Some 
preliminary results were also reported by them on the carbon trans- 
formations obtained in the aeration of sewage with activated sludge or 
pure cultures.. It was demonstrated that when activated sludge was 
used a greater part of the carbon lost from the liquid phase was recov- 
ered as sludge floc than when pure cultures were used. It was further 
stated that a more detailed study of this problem was desirable. The 
present investigation was therefore undertaken to answer the questions 
raised in the previous investigation : 


1. What part, if any, of the original carbon and nitrogen in the 
sewage is transferred to the sludge? 

2. How much of the carbon and nitrogen is oxidized from solution, 
suspension and sludge, with different periods of aeration? 


The present study concerns itself mainly with the carbon and nitro 
gen transformations brought about in sewage by activated sludge. 
Subsequent papers will deal with similar changes brought about by 
sludges composed of pure culture sewage clarifying bacteria. 


MetHop 


Activated sludge was mixed in two concentrations with cotton-fil- 
tered, heat sterilized sewage to give mixtures with 1,850 p.p.m. and 464 
p-p.m. total sludge solids. Six liters of each mixture were aerated in 
flasks fitted with CO.-free air supply, as illustrated in Fig. 1. Any 
‘arbon dioxide which was evolved from the mixtures was trapped in 
standard barium hydroxide and measured. The alkali was renewed at 
the end of each sampling period. One-liter samples were taken from 
the mixtures of higher sludge concentration at 0, 1, 2, 3, 4 and 24 hours; 
and from the lower concentration at 0, 6, 9,24 and 72 hours. Care was 
exercised to obtain as representative samples as possible for analysis. 
One hour of settling was provided for the sampled mixture after which 
the sludge and settled liquor were measured and separated. Correc- 
tions were made for the liquid that could not be separated from the 

* Journal Series Paper, New Jersey Agricultural Experiment Station, New Brunswick, 
New Jersey, Dept. Water and Sewage Research. 
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sludge by plain sedimentation. The sludge was analyzed for total 
solids, organic solids, ash, inorganic carbon, organic carbon, and total 
nitrogen. The settled liquor was analyzed for turbidity, B.O.D., am- 
monia nitrogen, total nitrogen (Kjeldahl), nitrate nitrogen, organic 
nitrogen, inorganic carbon and organic carbon. Following the distribu- 
tion for the required analyses, the remainder of the settled liquor was 
filtered through Seitz filter pads to remove suspended matter. The 
fraction thus obtained, representing the Seitz filtrate, was analyzed for 
ammonia nitrogen, total nitrogen, nitrate nitrogen, organic nitrogen, 
inorganic carbon and organic carbon. Turbidity, ammonia nitrogen 
and B.O.D. analyses were made as soon as the necessary fractions were 
obtained, while samples for all other analyses were preserved in stop- 
pered bottles. Sulfuric acid, sodium hydroxide and mercuric chloride 
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Fig. 1. 


were the preserving agents for the total nitrogen, nitrate nitrogen and 
carbon samples respectively. Following the end of aeration with both 
series, analyses of preserved samples were made at leisure. 


Carson DETERMINATION 


Preliminary to the experimental work with activated sludge and 
sewage the carbon determination method was studied. The moist com- 
bustion method of Mills (2) (3) modified by the titration technic of 
Mohlman and Edwards (4) was simplified by replacing fused glass con- 
nections with rubber stoppers and detachable glass parts (see Fig. 2). 
Consistent low blanks (inorganic carbon 0.16 mg., organic carbon 1.24 
mg.) over an eight months period, during which more than 150 carbon 
determinations were made, demonstrated that the use of rubber stop- 
pers failed to impair the efficiency of the apparatus. A ratio of 1.5:1 
of sulfuric acid to water was found to be just as efficient as a ratio of 
3:1 or 2:1 in the determination of organic carbon in sewages and ac- 
tivated sludges. The titration technic of Mohlman and Edwards was 
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modified whenever large amounts of carbon were present in the sample 
under analysis. The modification consisted of the separation, after 
settling, of the barium carbonate precipitate and relatively clear super- 
natant liquid. The supernatant was titrated rapidly almost to the 
phenolphthalein end point, mixed with the barium carbonate precipitate 
and then titrated drop by drop to the end point. In this manner, a 
reduction of time necessary for the drop-by-drop back-titration of 
barium hydroxide with hydrochloric acid was made, also minimizing 
the error from the absorption of carbon dioxide from the air by the 
exposed alkali during a prolonged titration period of large amounts of 
alkali. The air supplying the apparatus was regulated at point 5 (Fig. 
2) at a slow rate such that all of the evolved carbon dioxide was trapped 
in the first two absorption flasks (K,, K.) leaving the third carbonate- 
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free. The use of soda lime tubes at the end of the absorption train to 
guard against back-diffusion of the atmosphere as recommended by 
Mills (2) was found unnecessary. 

Judging from the sharpness of the phenolphthalein end point, the 
theoretical sensitivity of the method is 0.03-0.06 milligrams carbon. 
Average sensitivity of the apparatus used in the analysis of pure in- 
organic and organic carbon compounds was found to be + 0.28 milli- 
grams of carbon. 

Inorganic carbon, consisting of carbon dioxide in solution plus in- 
organic carbonates, was determined by clearing the apparatus of car- 
bon dioxide, introducing the sample, acidifying with several drops of 
concentrated sulfuric acid and aspirating the boiling sample for one 
hour. The carbon dioxide evolved was trapped in hot standard barium 
hydroxide and measured indirectly by back-titration with hydrochloric 
acid. Organic carbon was determined on the same sample by adding 
1.0 c.e. of silver sulfate, 10 ¢.c. of chromium trioxide and 1.5 ¢.c. of con- 
centrated sulfuric acid per 1.0 ¢.c. of sample. The contents of the com- 
bustion flask were heated to 150° C. and aspirated for two hours at this 
temperature. 























Purification.—Purifieation of the sewage, as indicated by the re- 
moval of B.O.D. and turbidity (Fig. 3), was rapid in the sewage-sludge 
mixture of 1,850 p.p.m. solids; one hour’s aeration reduced the B.O.D. 
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CHANGES IN TURBIDITY, SOLIDS,B.0.D. 464 ppm. SOLIDS 
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from 96 to 19 p.p.m. and turbidity from 98 to 45 p.p.m. At the end of 
four hours of aeration turbidity was 15 p.p.m. and B.O.D. the same, 
while continued aeration up to 24 hours raised the turbidity to 30 p.p.m. 
and B.O.D. to only 16 p.p.m. 
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Reduction of B.O.D. and turbidity of the settled liquor from the 
sewage-sludge mixture of low solids content (Fig. 4) was slower, re- 
quiring six hours of aeration to reduce the B.O.D. from 118 to 16 p.p.m. 
and turbidity from 98 to 20 p.p.m. Continued aeration up to 72 hours 
increased the turbidity of the settled liquor but not the B.O.D. 

It was essential to determine the time period necessary for purifica- 
tion in the two mixtures of high and low sludge concentrations. This 
period was taken to represent the length of time required to produce the 
maximum purification, beyond which continued aeration failed to pro- 
duce appreciable further purification. According to B.O.D. and tur- 
bidity values, the purification period would be placed at 1.0 to 2.0 hours 
for the high solids mixture and 6 to 9 hours for the low solids mixture. 
If the organic carbon values in the settled liquor were also included as 
criteria, the purification periods would be extended to 4 and 9 hours 
respectively for the high and low solids mixtures (Tables I and IT). 
While considerable amounts of nitrates were produced during the puri- 
fication periods in each mixture (Tables III and IV), and although the 
quantity of nitrates increased progressively with aeration beyond these 
periods, complete nitrification was not considered an essential desidera- 
tum in the activated sludge process. It was felt, therefore, that for the 
conditions of the experiment, 4 and 9 hours for the high and low solids 
mixtures, respectively, represented safe estimates for the periods of 
purification. The volume of sludge in both mixtures showed slight 
increases during the aeration period, indicated in Figs. 3 and 4. How- 
ever, the amount of total and organic solids of the sludge of both mix- 
tures showed a considerable increase during the early periods of aera- 
tion, followed by a steady decline with longer periods of aeration. The 
amount of ash in the sludge of both mixtures followed the increase of 
total solids. 

Carbon Transformations.—The progressive changes which occurred 
in the carbon contents of the sludge, settled liquor and Seitz filtrate, and 
the carbon dioxide produced in both mixtures, are presented in Tables I 
and II and Figs. 5 and 6. It was observed that the carbon in the entire 
mixture of high solids (sludge plus settled liquor plus carbon dioxide 
evolved) increased from 914 to 941.6 mg. in 1.0 hour of aeration and to 
964.1 in 2.0 hours, thereafter decreasing to the original level. There 
was no possible explanation for this except on the basis of sampling 
error. Since the carbon values of the entire system were derived from 
the summation of the separately determined inorganic and organic car- 
bon values of the settled liquor and sludge, an error in sampling one 
component may have affected the totals obtained. Since the sampling 
error was greatest in the sludge component, and since there was little 
inorganic carbon in the sludge, the fluctuations in the totals obtained in 
the carbon balance can be attributed to the organic carbon found in the 
sludge. Assuming the initial value of the carbon of the whole mixture 
to be correct, the percentage variation from the initial value fluctuated 
from —1.4 to + 5.5 per cent, with an average variation of + 1.5 per 
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Inorganic 
| Carbon, 
| p.p.m. 
| 
0 hours 
Settled liquor. . . 26.8 
Solution (Seitz). . 10.9 
Suspension 15.9 
Sludge....... 1.6 
Total carbon 
1 hour 
Settled liquor. . 21.2 
Solution (Seitz). 13.3 
Suspension 7.9 
Sludge....... 6.0 
Total carbon 
2 hours 
Settled liquor . 16.5 
Solution (Seitz). 9.4 
Suspension i 
Se eee 5.6 
Total carbon 
3 hours 
Settled liquor. . 14.1 
Solution (Seitz). 3.9 
Suspension 10.2 
EO eos G2 6.6 
Total carbon. . 
4 hours 
Settled liquor. . 9.3 
Solution (Seitz). 7.6 
Suspension... . Led 
Sludge....... 8.6 
Total carbon... . 
24 hours 
Settled liquor..... : 3.7 
Solution (Seitz)... .. 2 
Suspension......... 1.6 
L) oS Se 7:6 





Total carbon........... 


Average experimental 
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23.4 14.5 | 145 52.0 | 
12.7 
is | | 
842.8 849.4 | 
SE ae 
901.4 —1.4 
32.6 | 170 | 170 | 589 7) ina 
24.0 
8.6 
850.4 859.0 
| 917.9 | +04 
0.6 | 1340 | 68 | 1783 et 
32.0 
8.6 | 
730.0. | 737.6 
| 915.9 +0.2 


























Vol. 11, No. 2 ACTIVATED SLUDGE PROCESS. I 233 


Tasie II1.—Carbon Changes in an Aerating Mixture of Activated Sludge and Sewage 
Containing 464 p.p.m. Sludge Solids 



































































































































CO, Produced as 
ne er Ce 
Inorganic | Organic Carbon Total - a 
Carbon, Carbon, Carbon, aula 1 
p.p.m. p.p.m. At Each Per p.p.m. ne 
Error 
Interval, Hour, 
p.p.m. p.p.m. | 
0 hours 
Settled liquor..........[ 8.5 ~s20 | OF | — |. 905 
Solution (Seitz). ....| 8.4 35.0 | 
Suspension....... | 0.1 47.0 | 
Sludge........ er mee 192.5 | | 193.2 
— ——————— 
Total carbon. . aie al | 283.7 = 
6 hours 
Settled liquor..........| 84 | 520 | 260 | 43 86.4 
Solution (Seitz).....} 8.4 46.0 | | 
Suspension......... | 0 6.0 | 
a erers } 3.1 229.3 | | 232.4 
Total carbon. ... | | 318.8 +12.3 
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Settled liquor... . . ae 9.3. 40.6 17.1 5.7 ~©+| ~~ ~«67.0 
Solution (Seitz).....| 9.0 17.3 
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SUED: a jod a6 Sts 53-006, | 1.4 232.0 233.4 
Total carbon........... | | | 300.4 +5.9 
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| | | 
| | | | 
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<<. a ee ae 
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cent. While the percentage increase of carbon in the sludge during the 
first hour was 6.8 per cent, the percentage increase of carbon in the 
entire mixture for this period was only 3 per cent. For the second 
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TaBLe II].—Nitrogen Changes in an Aerating Mixture of Activated Sludge and Sewage Containing 
1850 p.p.m. Sludge Solids 
= —_ ————<— — ———— ——— — ed 
Organic Nitrate Ammonia Total Per Cent 
Nitrogen, | Nitrogen, Nitrogen, Nitrogen, Experi- 
| p.p.m. p.p.m. p.p.m. p-p.m.  |mental Error 
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1 Ss Re | 149.9 | 
: ——— _ See ss - 
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TasLE IV.—Nitrogen Changes in an Aerating Mixture of Activated Sludge and Sewage Containing 













































































Organic Nitrate Ammonia Total Per Cent 
Nitrogen, Nitrogen, Nitrogen, Nitrogen, Experi- 
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hour period the corresponding values were 9.3 per cent as against 5.5 per 
I I g I g p 


cent. 


The increases obtained in the organic carbon of the sludge are 


therefore of greater magnitude than the experimental error, and rep- 
resent actual increases in the sludge due either to adsorption of car- 
bonaceous materials from the settled liquor or the formation of new 
The actual increase 


protoplasmic material from the food introduced. 
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in the amount of total and organic solids in the sludge confirmed the 


increase in the organic carbon of 


the sludge. 


The magnitude of the 


experimental error in the carbon balance with the low solids mixture 


was of the same order 





as that with the high solids mixture but the 
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percentage experimental error was greater because of the relatively 
low carbon values. 

Definite identical trends occurred in the carbon contents of the 
various fractions in both mixtures. Carbon in the sludge floe was al- 
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most entirely organic in nature. 
confined exclusively to the organic fraction, which increased in the 
initial period of aeration, accompanied simultaneously by a fall of 
inorganic and organic carbon content of the settled liquor. 
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beyond the period of purification of both mixtures, at which time avail- 
able carbonaceous materials in the settled liquor were depleted, pro- 
duced a steady oxidation of the carbon contained in the sludge floc 
In Fig. 5, the curve of carbon dioxide released beyond the fourth 
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hour of aeration parallels closely the decrease of organic carbon of the 
sludge over the same period. The same was true of the sludge of the 
low solids mixture (Fig. 6) but to a lesser extent. Another factor con- 
tributing to the loss of organic carbon from the sludge floe with over- 
aeration, was deflocculation of the sludge solids, resulting in a rise in 
both organic carbon content and turbidity of the settled liquor. 

The hourly rate of carbon dioxide produced by the sewage-sludge 
mixture of high solids (Table 1) reached a maximum of 20.6 milligrams 
of carbon in the second hour of aeration, followed by a decrease with 
progressive aeration. Throughout the 24-hour aeration period, 194.8 
milligrams of carbon as carbon dioxide was liberated to give an overall 
rate of 4.38 mg. carbon/hour/1,000 p.p.m. sludge solids. Maximum 
hourly rate of carbon dioxide production from the sewage-sludge mix- 
ture of low solids (Table II) occurred at the ninth hour of aeration and 
was followed by a lowering of the rate with progressive aeration. In 
72 hours of aeration 137.9 mg. carbon as carbon dioxide was liberated, 
to yield an overall rate of 4.13 mg. carbon/hour/1,000 p.p.m. sludge 
solids. 

Nitrogen Transformations.—Changes occurring in the nitrogen con- 
tent of the different fractions of the sewage-sludge mixtures are given 
in Tables III and IV and Figs. 7 and 8. The nitrogen balance of the 
mixture of high solids shown in Table III varied between — 0.3 to + 3.9 
per cent with an average of + 2.3 per cent, while the total nitrogen of 
the low solids mixture varied between — 1.6 to + 7.1 per cent with an 
average of + 2.1 per cent difference from the initial value. 

Total nitrogen of the sludge in both mixtures rose slightly in the 
initial period of aeration. During the first 4 hours of aeration in the 
mixture of high solids, the ammonia nitrogen lost was nearly balanced 
by the nitrate nitrogen recovered. From the fourth to the twenty- 
fourth hour of aeration, ammonia nitrogen of the settled liquor de- 
creased only 0.4 p.p.m., organic nitrogen increased 1.5 p.p.m. while 
nitrate nitrogen in the settled liquor increased 16.0 p.p.m. Coincident- 
ally with the net increase in the settled liquor of 17.1 p.p.m. nitrogen, 
the total nitrogen of the sludge floc fell 17.1 p.p.m. 

After 9 hours of aeration the ammonia nitrogen in the settled liquor 
of the low solids mixture decreased 17.0 p.p.m., and organic nitrogen 
decreased 2.2 p.p.m. An increase of 10.2 p.p.m. nitrate nitrogen pro- 
duced, therefore, a net loss of 9.0 p.p.m. nitrogen from the settled liquor, 
which loss was offset by a 10.6 p.p.m. gain of nitrogen in the sludge 
floc. From the ninth to the seventy-second hour of aeration, ammonia 
nitrogen of the settled liquor decreased 6.4 p.p.m. while there were 
gains of 0.9 p.p.m. organic nitrogen and 19.3 p.p.m. nitrate nitrogen, to 
produce a net gain of 13.8 p.p.m. nitrogen in the settled liquor. This 
gain was more than offset by a loss of 16.4 p.p.m. nitrogen from the 
sludge floc. Aside from the rise in total nitrogen in the sludge, nitrate 
nitrogen increased progressively at the expense of ammonia nitrogen. 
While organic nitrogen in the settled liquor of the low solids mixture 

















Vol. 11, No. 2 ACTIVATED SLUDGE PROCESS, I 241 


decreased with aeration, the settled liquor of the high solids mixture 
showed little change-in this constituent. 


Discussion 


In the first hour of aeration of the high solids sewage-sludge mixture, 
there was a 35.4 p.p.m. decrease of suspended organic carbon in the 
settled liquor, while organic carbon in solution decreased only 2 p.p.m. 
Organic carbon of the sludge increased meanwhile by 57.5 p.p.m. As 
has been pointed out above, although the increase of sludge carbon can- 
not be doubted, the actual magnitude of the increase was affected by 
sampling error. The increase of carbon in the sludge should be equal 
to the loss of carbon, both from suspension and solution in the settled 
liquor, minus the carbon dioxide produced. This value amounts to 
28.7 p.p.m. Assuming that organic matter contains 57 per cent carbon, 
there would be a loss of 50 p.p.m. of organic matter by the settled liquor 
and a gain by the sludge of the same amount. Actually organic solids 
in the sludge increased 42 p.p.m. during the first hour. It appears, 
therefore, that the amount of carbon transferred to the sludge from 
solution and suspension (28.7 p.p.m.) represents more accurately the 
the increase in sludge carbon. 

There are two possible ways by which organic carbonaceaus ma- 
terials can be transferred from the liquid to the sludge. The first is 
by adsorption by the floc, and the second by bacterial assimilation. A1- 
though both these factors are at work, it would seem that, during the 
first hour, adsorption was the predominant one. Remembering that 
materials in suspension have higher molecular weights than those in 
solution, according to Traube’s rule quoted by Thomas (5), adsorp- 
tion of homologous series from aqueous solutions increases with inecreas- 
ing molecular weight of the members. Heukelekian and Ingols (6) have 
found this rule to be generally true in the removal of nitrogenous ma- 
terials of different molecular weights by activated sludge. Since the 
loss of carbon from the liquid phase was primarily from suspension 
rather than from solution during the first hour, it appears reasonable to 
attribute the mechanism of this removal to adsorption. Furthermore 
since only a small fraction of the carbon lost from solution and suspen- 
sion during the first hour was recovered as carbon dioxide, it would 
seem that this material was removed from the liquid to the sludge 
faster than it was oxidized. 

During the second hour of aeration the carbon relationship was 
completely changed. There was no further loss of organic carbon in 
suspension, but instead of 13.3 p.p.m. loss of organic carbon from 
solution. Rate of carbon dioxide production during this period was 
much higher and the increase of organic carbon in the sludge was not 
so great as that during the first hour. During the third and fourth 
hours, loss of organic carbon from solution and suspension continued, 
the rate of carbon dioxide production dropped and sludge formation, 
as indicated by the carbon and organic matter content of the sludge, 
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was arrested, with a reversal of sludge formation probably occurring 
shortly after this period. The course of events can be summarized as, 
first, rapid adsorption of suspended organic carbon from the settled 
liquor, resulting in rapid removal of turbidity and B.O.D., with consid- 
erable. building up of sludge; second, oxidation of the soluble organic 
carbon accompanied by some building up of sludge and considerable 
increase in carbon dioxide production; and third, over-aeration beyond 
the purification period, resulting in the oxidation of sludge, decrease 
of organic carbon of the sludge with an increase of organic carbon in 
solution, a slow rate of carbon dioxide production, and increase of 
turbidity. 

The removal of organic carbon from the settled liquor after 3 hours 
of aeration was not complete, as the lowest organic carbon value of the 
settled liquor was 23.4 p.p.m. a decrease of only 72 per cent of the 
intitial value. Assuming 57 per cent carbon in organic matter this 
would represent a minimum of 41 p.p.m. of organic matter in the effluent. 
With about 46 per cent of this material in suspension there would be 
19 p.p.m. organic matter suspended in the effluent. This is a high value 
for activated sludge effluent, and should be ascribed to the fact that 
determination of suspended matter by Seitz filtration gives much higher 
ralues than ordinary Gooch filtration. Since the B.O.D. reduction was 
81 per cent, it may be concluded that residual organic carbon in the 
liquor was highly resistant to oxidation and probably represents prod- 
ucts of bacterial metabolism from the sludge which find their way into 
the liquor. The nature of such carbonaceous materials can only be 
speculated upon, but humic materials might be mentioned as a possi- 
bility. The brown color imparted to the settled liquor as a result of 
over-aeration has frequently been ascribed to accumulation of humic 
acids. 

A similar analysis of the data with the mixture of low suspended 
solids content leads to the same conclusions as above, except in time 
relationship. Since the first determination was made after 6 hours 
of aeration, changes during the first few hours are unknown. The 
major part of the organic carbon in suspension was removed during 
this period, while the organic carbon in solution increased. Organic 
carbon of the sludge increased 36.8 p.p.m. equivalent to an increase of 
organic matter of 65 p.p.m. (organic matter, 57 per cent carbon). The 
actual increase of organic solids in the sludge was 75 p.p.m. From the 
sixth to the ninth hour of aeration organic carbon in solution declined 
considerably while that in suspension increased. Neither sludge ear- 
bon nor organic solids of the sludge increased during this period. 
While aeration up to 24 and 72 hours did not change materially the 
organic carbon in solution or suspension in the settled liquor, there was 
a decline in the sludge of organic solids and carbon. The rate of carbon 
dioxide production in the first 6 hours of aeration was low, while a rapid 
removal of suspended carbonaceous material and building up of sludge 
was taking place. The rate of carbon dioxide'production was highest 
between the sixth and ninth hours of aeration while organic carbon in 
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solution was declining rapidly. Thereafter the rate of carbon dioxide 
production decreased materially. Maximum reduction of organic car- 
bon in the settled liquor, found at the ninth hour of aeration of the low 
solids mixture, was a little over 50 per cent. B.O.D. reduction at this 
time was 78 per cent. 

The difficulty in the proper interpretation of the results may be 
realized if we bear in mind that any and all of the following changes 
may take place simultaneously: (1) adsorption by the sludge of organic 
‘-arbon in suspension in the settled liquor; this action was observed to 
be pronounced during the initial stages of aeration (2) oxidation of the 
adsorbed carbon; this action was pronounced during the secondary 
stage of aeration, (3) slow oxidation of the organic matter of the sludge 
itself; this action was predominant with overaeration after the puri- 
fication period, (4) oxidation of carbon in solution; this action was 
noted during the secondary stage of aeration (5) assimilation of part of 
the carbon to form new bacterial cells in the sludge floc, concurrent with 
oxidation of carbon in solution and carbon in the material absorbed on 
the floe, (6) increase of carbon in solution as a result of waste products 
of bacterial metabolism going into the surrounding medium; this was 
found to occur during the period of overaeration. 

It is evident that there are two mechanisms which tend to increase 
the amount of sludge: (1) The initial rapid adsorption by the sludge of 
material from suspension in the settled liquor, and (2) the oxidation of 
both the adsorbed material and material in solution with the resulting 
increase in the amount of microbiol cell mass. To apportion the proper 
value to these two factors is difficult. The initial increase in the sludge 
due to adsorption of material from suspension represented only a tem- 
porary inerease, since this material was subject to microbial digestion, 
oxidation and assimilation exerted by the sludge micro-organisms. As 
aeration progressed, therefore, the quantity of sludge formed due to 
adsorption decreased while that due to microbial assimilation increased. 
That even the increase of sludge quantity due to microbial assimilation 
was not permanent was evidenced by the results presented with periods 
of over-aeration, during which there occurred a profound decrease of 
organic earbon and organic matter of the sludge. Microbial growths 
and the more resistant materials in the sludge were destroyed during 
tliis period. 

The transformation of organic nitrogen was quite different from 
that of organic carbon. In the first place, the amount of organic nitro- 
gen in the settled liquor represented only a small fraction of the total 
nitrogen. Secondly, the results failed to show any rapid removal of 
organie nitrogen from the liquid phase similar to the carbon results. 
In fact, the organic nitrogen in suspension increased during the first 2 
hours of aeration while that in solution decreased. 

In the mixture of high solids concentration, during the first hour of 
aeration ammonia nitrogen in the settled liquor decreased 8 p.p.m. 
while nitrate nitrogen increased 3 p.pm. During this same period 
sludge nitrogen increased 4.4 p.p.m. Since Ingols (7) demonstrated 
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that activated sludge did not adsorb ammonia nitrogen, the increase of 
sludge nitrogen was attributed to microbial assimilation. Similarly, 
at the end of the second hour 11 p.p.m. decrease of ammonia nitrogen 
in the settled liquor was obtained while 6.2 p.p.m. nitrate nitrogen was 
recovered, the remainder of 4.8 p.p.m. being assimilated. By actual 
determination sludge nitrogen rose 11.4 p.p.m. This discrepancy can 
probably be explained on the basis of sampling error of the sludge 
rather than to adsorption of nitrogen since there is no loss from the 
settled liquor of organic nitrogen in suspension. Nitrogen fixation as 
a possible explanation for the increase of sludge nitrogen is rather 
remote. The third and fourth hour balances showed likewise that the 
majority of the ammonia nitrogen lost from the settled liquor was re- 
covered as nitrate nitrogen and the remainder of the nitrogen not so 
recovered was accounted for in part by an increase in sludge nitrogen. 
From the fourth to twenty-fourth hour of aeration however, the amount 
of nitrate nitrogen recovered was greater by 15.6 p.p.m. than the am- 
monia nitrogen lost. Organic nitrogen increased 1.5 p.p.m. to produce 
a net increase in the settled liquor of 17.1 p.p.m. This nitrogen was 
derived from the decomposition of the nitrogen fraction of the sludge 
which underwent a loss of 17.1 p.p.m. during this period. In other 
words, prolonged aeration of the sludge caused the breakdown of the 
organic nitrogen to ammonia nitrogen which was nitrified as liberated. 

The nitrogen changes in the mixture with low solids content showed 
similar tendencies. The organic nitrogen in the settled liquor did not 
decrease during the first 6 hours of aeration but actually increased 
somewhat. Between the sixth and ninth hours organic nitrogen in the 
settled liquor decreased appreciably due probably to proteolytic ac- 
tivity of bacteria present. Of the 6.5 p.p.m. organie nitrogen present 
in the settled liquor after 6 hours of aeration, only 1.6 p.p.m. was left 
after 9 hours, all of it being present in the Seitz filtrate. There is again 
a greater loss of ammonia nitrogen from the settled liquor than ean be 
accounted for by nitrate formation, and this loss may be directly at- 
tributable to assimilation of ammonia nitrogen by the sludge floc. 
This situation persisted up to 24 hours of aeration; thereafter the re- 
covery of nitrate nitrogen was higher than the original ammonia nitro- 
gen, the balance being made up of the nitrogen lost from the sludge. 

From the foregoing discussion of carbon and nitrogen changes, it is 
apparent that the difference between the low and high solids mixtures 
is in the time necessary to bring about these changes, rather than in 
type and character of the changes. 

In order to estimate the percentage of the organic carbon removed 
from sewage by activated sludge which was recovered as carbon dioxide, 
it was necessary to determine the amount of carbon dioxide produced 
from the sewage component. The assumption was made that beyond 
the purification period of both mixtures 7.e., 4 and 9 hours, respectively, 
the carbon dioxide released represented a basal rate produced by the 
sludge alone and that the residual sewage material either in the sludge 
floc or in the liquor contributed very little carbon dioxide to the amount 
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released during this secondary period. 


TasLe V.—Percentage of Organic Carbon Removed From Sewage by Activated Sludge Which was 


Liberated as Carbon Dioxide 
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The caleulations made on this 
basis are presented in Table V. The percentage of organic carbon re- 
moved from the sewage which was recovered as carbon dioxide was 67.9 
and 71.5 per cent, respectively, for high and low solids mixtures. 
release of carbon as carbon dioxide from the mixture of high solids after 
the purification period was 6.7 mgm. carbon/hour/1,850 p.p.m. sludge 
solids or 3.62 mgm. carbon/hour/1,000 p.p.m. sludge solids, while that 
for the low solids mixture was 1.5 mgm. carbon/hour/464 p.p.m. sludge 
solids or 3.24 mgm. carbon/hour/1,000 p.p.m. sludge solids. 
basal rates of carbon dioxide release calculated from mixtures of such 
widely different concentrations should agree so well indicated that the 
initial contention was substantially correct, 7.e., that beyond the puri- 
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The portion of carbon transferred from the sewage to the sludge 


which is not liberated as carbon dioxide can be accounted for, 
the carbon assimilated in the microbial cells and second, in the unas- 


first, in 


similated and undecomposed residual organic matter in the sludge floc. 
According to the above calculations, about two-thirds of the organic 
carbon removed from the sewage is given off as carbon dioxide and one- 
third remains in the sludge either as unassimilated material or in the 
bacterial protoplasm. This statement supports the contention of Heu- 
kelekian and Ingols (8) that carbon dioxide production from mixtures 
might be a more reliable way of determining the load on an aeration 


tank than B.O.D. because carbon dioxide measurements are made under 


conditions more comparable to the aeration tanks than B.O.D. measure- 


ments. The figures presented above on percentage or 


ganic carbon of 


the settled liquor lost as carbon dioxide are, at first glance, at great 
variance with those of Wilson and McLachlan (9) who stated that ‘‘only 
about 10 per cent of the transformation products of the carbon origi- 
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nally in the sewage appears as carbon dioxide in the effluent air... 
and that the transference of carbon from sewage to the sludge is the 
major purifying effect.’’ This value and statement will be discussed 
later. 

One objection which can be raised to our method of calculating per- 
centages of carbon dioxide release may be that the assumption made 
is not valid, 7.e., that after the purification period, carbon dioxide liber- 
ated by the sewage-sludge mixture did not represent the true basal rate 
of carbon dioxide liberated by the sludge itself; and that the release of 
carbon dioxide from sewage solids present either in the sludge floe, or in 
the settled liquor fraction, may have occurred beyond the period of puri- 
fication and raised the basal rate of carbon dioxide production from the 
sludge. Even if such were the case, and the true basal rate of carbon di- 
oxide release from the sludge were lower than the value we obtained, this 
circumstance would tend to raise the percentage of organic carbon lost 
as carbon dioxide rather than lower it. For example, if in the mixture 
of high solids, the release of carbon dioxide in 4 hours from the sludge 
floc, ealeulated from the basal rate, was 24.0 mgm. carbon instead of 
26.8 mgm., the carbon dioxide liberated from the sewage solids would 
be 36.8mgm. With a lowering of the organic carbon of the settled liquor 
of 50.1 mgm. carbon, the percentage of organic carbon of the settled 
liquor lost as carbon dioxide would be 36.8 -- 50.1 or 73.5 per cent in- 
stead of the 67.9 per cent calculated. 

The apparently wide discrepancy between our values and those of 
Wilson and McLachlan was found to exist not so much in differences 
in experimental data as in their interpretation. These investigators 
calculated the percentages of carbon dioxide released on the total car- 
bon input of both settled sewage and activated sludge, rather than on 
organic carbon lost from the sewage upon aeration, which loss is a 
truer measure of the biological activity ot activated sludge than the 
total carbon input. 

Changes in percentages of carbon and nitrogen and C/N ratio of 
the sludge floc are presented in Tables VI and VII. Upon aeration with 
sewage, the sludges of both mixtures showed an increase in percentages 
of carbon and nitrogen, coincident with the removal of carbonaceous 
and nitrogenous materials from the settled liquor fraction. When both 
mixtures were over-aerated, percentages of carbon and nitrogen de- 
creased to their original levels, connoting the dissipation of most of the 
effects of the sewage solids taken up by the sludge floc. No significant 
changes in the C/N ratio of the sludge floc occurred during the aeration 
periods. It has been contended that the mechanism of uptake by the 
sludge of organic carbon in suspension was one of adsorption; that the 
adsorbed material which is subsequently oxidized together with dis- 
solved organic carbon contributes to microbial growth in the sludge floc, 
necessitating the assimilation by the sludge of ammonia nitrogen from 
the surrounding medium. The chief reason why the C/N ratio of the 
sludge changed very little upon aeration with sewage was because 
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growth of the sludge floc produced microbial material similar to the 
original sludge. Adsorption of suspended organic materials in the 
initial period of aeration did not alter the C/N ratio because of the 
ereat organic carbon content of the sludge and the relatively small 
amount of material adsorbed. While the percentage of both carbon and 
nitrogen increased with aeration during the purification period, the 
C/N ratio changed very slightly. Part of the microbial growth under- 
went a breaking down with over-aeration, liberated carbon dioxide, and 
released inorganic and organic carbon simultaneously with a diffusion 
of organic and ammonia nitrogen into the liquid. Ammonia nitrogen 


TaBLE VI.—Carbon-Nitrogen Ratio of Sludge Floc in an Aerating Mixture of Activated Sludge and 
Sewage Containing 1850 p.p.m. Sludge Solids 
































| ' Total Total Total 
Hour | Solids, Carbon, Nitrogen, Per Cent C | Per Cent N C/N 
p.p.m. p.p.m. p.p.m. 
0 | 1850 804.5 140.5 43.4 7.6 Ss fae | 
2 | 1964 889.7 151.9 45.3 7.7 5.9:1 
3 | 1874 849.4 148.0 45.3 7.9 5.7:1 
1 | 1875 859.0 149.9 45.8 8.0 5.7:1 
24 1698 737.6 132.8 43.4 7.8 5.6:1 





TasLe VII.—Carbon-Nitrogen Ratio of Sludge Floc in an Aerating Mixture of Activated Sludge and 
Sewage Containing 464 p.p.m. Sludge Solids 























Total | Total ~ Total 
Hour Solids, | Solids, Nitrogen, Per Cent C | Per Cent N C/N 
p.p.m. | p.p.m. p.p.m. 
0 | 464 | 193.2 33.9 41.6 7.3 5.731 
6] 559 | 2324 43.7 41.6 7.8 5.3:1 
9 | 547 | 233.4 44.5 42.8 8.1 5.331 
24 498 | 221.9 41.1 44.6 8.2 5.421 
72 | 382 +'| 1587 28.1 41.6 7.3 5.721 





subsequently was nitrified. The loss of carbon and nitrogen kept pace 
with each other to cause very little change in the C/N ratio. 

In order to determine whether the sum of carbonaceous and pro- 
teinaceous materials present was equal to the organic matter present in 
the activated sludge, an attempt was made to calculate the amounts of 
these materials present, from the analysis of carbon and nitrogen in 
the sludge, on the following two assumptions: (1) The carbon content 
of carbonaceous materials present in activated sludge is 57 per cent. 
This value was arrived at by averaging the carbon content of several 
carbonaceous materials such as fats, hemicelluloses, celluloses and 
lignins, the relative amounts of which in activated sludges have been 
determined in a study on the organic constituents of activated sludge. 
These studies will be published soon in another paper, (2) Proteins 
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contain 15 per cent nitrogen and 52 per cent carbon according to 
Mathews (10). A sample calculation follows: ; 


Mgms. 
Organic carbon (by analysis) = §803 
Organic nitrogen (by analysis) = 140.5 
Proteins (140.5 X 6.66) == a7 
Total carbon in proteins (937 X .52) = 487 
Organic carbon not in proteins (803 — 487) = 316 
Carbonaceous compounds (316 - .57) = 504 
Proteins plus carbonaceous compounds = 1,491 
Organic matter in sludge (analysis) = 1,513 


By using the above assumptions and method of calculation the pro- 
teins and carbonaceous materials in the sludge at various periods of 
aeration were calculated for both mixtures. The results are presented 
in Tables VIII and IX together with the amount of organic solids ob- 


TaBLeE VIII.—Theoretical Composition of the Organic Solids of the Activated Sludge Floc in an 
Aerating Mixture of Activated Sludge and Sewage Containing 1850 p.p.m. Sludge Solids 




















| | | | 
: Carbo- | Tots As Organie | Organic i 
Protein | oe ‘ | — a = Per Cent} Differ- 
Hour of (ealo.)* | naceous Solids | Solids Solids Solids P; ‘ad 
“ alc. | P " i» . ° , . "O- nce, 
Aeration | (cale.)* | (analysis) | (analysis) | (analysis) | (cale.) : 
p.p.m. | | teinst p.p.m. 
| | p.p.m. | p.p.m. | p.p.m. p.p.m. p.p.m. 
0 937 554 | 1850 | 338 1512 1491 62 —21 
2 1013 626 1964 | 365 1599 1639 63 +40 
3 987 | 579 1874 | 346 1528 1566 64 +38 
4 999 | 579 1875 | 348 1527 1578 65 +51 
24 885 | 474 | 1698 353 =| 1345 1359 66 +14 





* Calculated. 
+ Protein (calculated) divided by organic solids (by analysis). 


TaBLe 1X.—Theoretical Composition of the Organic Solids of the Activated Sludge Floc in an Aerating 
Mixture of Activated Sludge and Sewage Containing 464 p.p.m. Sludge Solids 





; Carbo- Tots As | Organie | Organic | nee 
Protein | hae vs ul A sh | — en" | Per Cent | Differ- 
Hour of , | maceous | Solids | Solids Solids | Solids | | 
: (cale.)* | ae fe aan Pro- ence, 
Aeration (eale.) | (analysis) | (analysis) | (analysis) | (cale.) : 
p.m. | | teinst | p.p.m. 
| p-p-m. | p.p.m. p-p-m. | p.p.m. | p.p.m. | 
——_——____--—_—_ can GEER RE Geeta - 
0 226 | 132 | 464 94 | 370 | 358 | 61 | -12 
6 201 | 137 | 559 | 14 | 445 428 | 65 | -17 
9 297 | 136 | 547 | 109 | 438 | 433 | 68 | —5 
1 | 
24 274 137 198 112 | 386 |} 411 4A | +25 
72 187 | 107 | 382 | 89 | 203° +=| 204 64 | +1 








* Calculated. 
+ Protein (calculated) divided by organic solids (by analysis). 


tained by analysis. It will be observed that there is a very close agree- 
ment between the calculated values of organic matter on the basis of the 
carbonaceous and proteinaceous materials and the organic matter ob- 
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tained by analysis. In the high solids mixture at the start of aeration 
the calculated value for organic matter in the sludge was lower than the 
observed value. After two hours of aeration the reverse was true, for 
the calculated value was higher than the observed value and with further 
aeration the differences became smaller. It would appear, then, that 
although the assumptions made are valid for the composition of ac- 
tivated sludge, they do not apply strictly to the character of the sewage 
solids which exerted an influence on the results during the intermediate 
periods of aeration. 

According to these results, nearly 62 per cent of the organic matter 
in activated sludge is in the form of proteins. The origin of the sludge 
nitrogen is not the organic nitrogen of the sewage which itself is low 
and changes little, but the ammonia nitrogen. It would seem that the 
major portion of the protein in the sludge is composed of microbial 
protoplasm synthesized from the ammonia nitrogen and carbonaceous 
materials present in the sewage. 


SUMMARY AND CONCLUSIONS 


Two different concentrations of sludge-sewage mixtures were aer- 
ated for periods of time to bring about purification and for periods 
beyond that to cause definite over-aerated conditions. Determinations 
of organic and inorganic carbon were made on the settled liquor, Seitz 
filtrate and the sludge portions. Organic nitrogen was determined on 
the settled liquor ar? Seitz filtrate and the sludge portions. Ammonia 
and nitrate nitrogcu, turbidity and B.O.D. of the settled liquor were also 
determined. 

From the results obtained the following conclusions were drawn: 


(1) The earbon of the sludge increased at the expense of suspended 
organie carbon in the liquor with short periods of aeration (one hour 
with 1,850 p.p.m. solids concentration). This was attributed to adsorp- 
tion of carbonaceous materials by the sludge. 

(2) The removal of organic carbon in suspension was followed by 
the removal of organic carbon in a finer state of dispersion (Seitz fil- 
trate). This phenomenon was attributed to the biological assimilation 
of these materials by the sludge floc, since it was accompanied by a 
high rate of carbon dioxide production. 

(3) The rapid removal of organic carbon from suspension and the 
slower removal by oxidation of organic matter in a finer state of dis- 
persion resulted in an increase in the amount of sludge, first by physical 
accretion and second, by microbial assimilation. 

(4) The effect of aeration beyond the purification period was to 
increase in the liquor (a) the organic carbon in suspension as a result 
of defloceulation of the sludge and (b) organic carbon in a finer state 
of dispersion as a result of liberation of end products of bacterial 
metabolism such as humic acids. 

(5) Organic nitrogenous compounds in the liquor, representing only 
a small fraction of the total nitrogen present, are not adsorbed by the 
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sludge, since the nitrogen failed to decrease during early periods of 
aeration. 

(6) The nitrogen transformations in the activated sludge process 
were (a) the quantitative conversion of ammonia nitrogen to nitrate 
nitrogen (b) the bacterial assimilation of some of the ammonia nitrogen 
and (c) the liberation into the liquor of a part of the sludge nitrogen 
as ammonia with periods of over-aeration and sludge break-down and 
the conversion of this ammonia to nitrate nitrogen. 

(7) Caleulations showed that 65 to 75 per cent of the organic carbon 
of sewage removed by activated sludge during the purification was re- 
covered as carbon dioxide. 

(8) The carbon: nitrogen ratio of the activated sludge was approxi- 
mately 5.7/1. Although the percentages of carbon and nitrogen of the 
sludge increased upon aeration with sewage, the carbon: nitrogen ratio 
of the sludge changed very little, due to the fact that growth of the 
sludge floc produced microbial material similar to the original sludge 
itself. 

(9) The sum of the carbonaceous and nitrogenous materials ob- 
tained from calculations using organic carbon and nitrogen content of 
the sludge and certain well accepted percentages for carbon and nitro- 
gen in analogous materials, added up to the total organic solids obtained 
by analysis. Proteins were present in the activated sludge in excess 
of carbonaceous materials. Average protein content of the activated 
sludge was 65 per cent and carbonaceous compounds 35 per cent. 

(10) Variations in the quantities of sludge in the activated sludge 
process did not change the nature of the transformations described 
above, differences between the high and low solids concentration being 
limited only to the time required to bring about the transformations. 
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TALLMANS ISLAND SEWAGE TREATMENT WORKS * 


By Henry Lirsman anv E. J. Fort 


Designing Engineer and Project Engineer 


The World’s Fair slogan ‘‘The Dawn of the New Day’’ can be used 
very properly in describing the status of sewage disposal in the City of 
New York. After years of complete disregard of this problem, the 
conscience of the city has been awakened and we are now embarked on 
a program of purification of the surrounding waters. 

The Tallmans Island Plant, the third of the major projects to be 
constructed under the comprehensive plan for sewage treatment em- 
bodying thirty-two proposed plants, was pushed forward on account of 
the World’s Fair. This plant, with the Bowery Bay Plant now under 
construction, will effectively abate the nuisance of pollution in Flushing 
Bay, which adjoins the site of the Fair. 

The area served by the Works extends from the city line at Little 
Neck westerly to Flushing Bay and from the East River southerly to the 
boundary line between the northerly and the southerly slopes of the 
island. It ineludes the former villages of Flushing, College Point, 
Whitestone, Bayside, Douglaston, and a part of Little Neck. The area 
included within these boundaries is 17,000 acres or 264% square miles. 
This area is not densely settled and is used almost exclusively for resi- 
dential purposes. The present population is estimated at 150,000 and 
the ultimate at 580,000 by 1970. The present plant is designed for < 
population of 290,000 and a flow of 40 M.G.D. which is one-half the 
ultimate. During the World’s Fair approximately 10 to 15 M.G.D. 
additional flow will be treated at the Tallmans Island Plant. 

The site, which is known as ‘‘Tallmans Island,’’ is a point of land 
which juts into the East River between the former villages of White- 
stone and College Point and contains about 35 acres (Fig. 1). The 
whole of this area was purchased by the city to provide for the exten- 
sion of the works when the increase in the volume of sewage makes it 
necessary. The present works occupy only one-half of the area avail- 
able, the balance is being landscaped with shrubs, lawns and trees. 
Extensive landscaping is being provided in order that the presence of 
the sewage plant should in no way depreciate the value of the surround- 
ing property. 

A high degree of treatment is required for the waters in the vicinity 
of the works. For various reasons, it was decided to use the activated 
sludge process at this particular plant. Subsequent to the decision to 

* Presented at the Eleventh Annual Meeting of the New York State Sewage Works As- 
sociation, New York City, Jan. 20, 1939. 
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build this type of plant, the waters were designated as Class ‘‘A”’ 
water by the Interstate Sanitation Commission. 

Class ‘‘A’’ waters are defined as those ‘which are expected to be 
used primarily for recreational purposes, shellfish culture or the de- 
velopment of fish life. All floating solids and at least 60 per cent of 
suspended solids shall have been removed. Organisms of the B. coli 
group in the sewage effluent shall not exceed one per cubic centimeter. 
Dissolved oxygen in the waters shall not be less than 50 per cent of 
saturation in any week of the year. 

Sewage enters the works through three intercepting sewers: the 
main sewer, 7 ft. by 7 ft. in cross-section, which diverts sewage from a 





Fic. 1—General view taken November 15, 1938, looking north from pump and blower house— 
Whitestone Bridge in distance. 


main outlet sewer at 32nd Avenue and Linden Street; a 36-in. sewer 
sarrying sewage from College Point and the immediate vicinity; and a 
12-in. sewer which carries a small amount of sewage which could not be 
intercepted otherwise than by pumping. The main sewer is connected 
directly to the inlet structure of the grit chamber. The 36-inch sewer 
is connected to a low-level wet well and then pumped into the inlet of the 
grit chamber, since this sewer reaches the plant at a much lower eleva- 
tion than the large sewer. 

The treatment given the sewage consists chiefly in the removal of 
screenings and grit, primary settling, aeration in the presence of 25 per 
cent return sludge, final settling and dilution in the East River. Sludge 
digestion is provided together with gas utilization for power and heat- 
ing purposes and sludge disposal at sea. 
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The main components of the plant are as follows: 


Grit and Screen Chamber 
Pump and Blower House 
Primary Settling Tanks 
Aeration Tanks 

Final Settling Tanks 
Sludge Thickening Tanks 
Sludge Digestion Tanks 
Supernatant Settling Tank 
Sludge Storage Tanks 
Dock and Outfall Sewer. 


Tue Grit aNnD ScREEN CHAMBER 


The grit chamber is of the highly mechanized type intended to re- 
move the larger solids and grit from the sewage with a minimum amount 
of land labor and without causing nuisances. The chamber is entirely 
enclosed and provided with positive ventilation. All grit removed from 
the sewage is washed and conveyed in closed pipe lines to storage and 
all sereenings are shredded and returned to the sewage. 

The chamber contains four channels whose capacity is sufficient for 
the ultimate storm flow of 160 M.G.D. Three of the channels are com- 
pletely equipped and one will be equipped in the future when the flow 
increases. At the entrance of each channel is a hydraulically operated 
sluice gate arranged for both hand and automatic control. In case the 
level in the grit chamber rises above a pre-determined elevation, the 
gates will shut. Each channel contains a hand-raked trash rack made 
of wrought iron, tapered bars and cast-iron support sills. The bars are 
set at 3 in. centers, the T-angles and supports are sunk below the invert 
and no cross bars are used. In this way, the racks can be raked easily 
and there are no cross bars for stringy material or rags to wrap around. 
Behind the trash racks are enclosed mechanically cleaned bar screens 
that have clear openings of one inch. Each mechanically cleaned screen 
has four rakes which travel at a speed of 15 ft. per minute. The fre- 
quency and the speed of raking insures a continually cleaned screen and 
limits the amount of material and screenings delivered to the grinders 
at one time. 

The channels are approximately 60 ft. in length, 12 ft. in width and 
have a water depth of 6 ft. at mean flow. The velocity through the 
channels is controlled by means of proportional weirs to about 1 ft. per 
second. At this velocity most of the grit is deposited. The grit is then 
scraped to a sump at the head of the channel by means of conveyor type 
scrapers. A bucket elevator removes the grit from the sump and dis- 
charges it into a combined screw and dewatering conveyor type washer. 
Here, the grit is washed, using clarified effluent as the washing water. 
In this way, it is expected that a cleaner grit will result over that which 
would be obtained by washing in the sewage. The screenings dis- 
charged from the mechanically cleaned screen are probably one of the 
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most offensive products we have to deal with in sewage treatment. The 
simplest way of disposing of this material is by grinding and returning 
directly to the sewage. The screenings from the mechanically operated 
screens are discharged directly into the screenings grinders of the 
swing hammermill type which are driven by direct connected 30 H.P. 
1,800 r.p.m. motors and have a capacity of about 1,400 lb. per hour. 
The washed grit is discharged from the washers into pneumatic ejectors 
and blown into a storage tank in the grit storage building. 

The storage tank is a circular, welded steel tank with a conical bot- 
tom and has a capacity of about 4,000 cu. ft. and is elevated for gravity 
loading of trucks. Poke holes are provided at four points to break up 
any arching, and a clamshell type discharge gate allows free discharge. 
It is enclosed in a small building shown in Fig. 2, which also contains 
a four car garage. This arrangement provides protection from the 





Fig. 2.—Grit storage building and garage. 


weather for the cars and grit trucks stored here and the maintenance of 
a temperature in the tank which prevents freezing of the wet grit. 

Since the quantities of screenings and grit vary widely, the equip- 
ment was specified for peak conditions. The screens are capable of 
handling 60 cu. ft. of screenings per hour and the grit equipment loads 
of 60 cu. ft. of grit per M.G.D. based on a peak flow of 40 M.G.D. per 
channel. 


Pump anp Biower Hovuse 


The pump and blower house shown in Fig. 3, is a modern structure 
approximately 170 ft. long, 140 ft. wide and 50 ft. high. The pumps and 
blowers, all the auxiliary equipment, cranes, electrical control, meters, 
indicators, and so forth, in addition to the offices, laboratories, machine 
shops, store rooms and filter rooms are located in this building and its 
wing's. 

The sewage from the grit chamber passes directly to the wet well in 
the pump and blower house. The wet well extends the entire length of 
the building, approximately 170 ft. Four pumps, with provision for a 
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Fig. 3.—Pump and blower house. 


fifth, draw suction from the wet well and discharge into a common main 
which goes to the primary tanks. There are two pumps of 35 M.G. 
capacity and two of 15 M.G. capacity, designed for 39 ft. head. The 
pumps are vertical centrifugal pumps, driven by means of gas engines, 
shown in Fig. 4, two of which are rated at 150 B.H.P. and two of which 





Fic. 4.—Gas engines and right angle gears for driving pumps (note finished wall). 


are rated at 350 B.H.P. Since the engines are horizontal and the pumps 
are vertical, a right-angle gear is used to transfer the power from the 
engines to the pumps. The right-angle gears are connected to the gas 
engines by a floating section of shafting fitted with flexible couplings at 
each end. The capacity of the pumps can be varied over a wide range 
from 50 to 110 per cent by means of speed control of the engines. This 
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feature is invaluable in sewage plant operation owing to the wide varia- 
tions in flow. The larger pumps are 36 in. and the smaller are 20 in. 
in size. It is intended in the future to replace the two smaller units 
with two 36 in. units and to add one additional 36 in. unit, making the 
final installation five-35 M.G. pumps. 

The sewage coming from the low level of the College Point Inter- 
ceptor is raised by means of one 14 in. pump with a capacity of 5,800 
gallons per minute and two 12 in. pumps with a capacity of 2,500 gallons 
per minute, into the influent end of the grit chamber. These pumps are 





Fig. 5.—Gas engine driven blowers. 


driven by electric motors operated by current purchased from the local 
utility. 

On the east side of the building four blowers, shown in Fig. 5, have 
been installed for supplying compressed air for aeration of the sewage. 
Two of these blowers have a capacity of 10,000 ¢.f.m. and two have a 
capacity of 20,000 c.f.m. operating at 714 lbs. discharge pressure. They 
are of the positive displacement type. The larger units operate at 300 
r.p.m. and the smaller at 360 r.p.m. These units are also gas-engine 
driven and by means of speed control of the engines, their output can be 
varied from 33 to 110 per cent of rated capacity. The larger units are 
driven by two 800 H.P. engines, the smaller units by two 450 H.P. 
engines. The blowers are connected to the engines through an all- 
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metal flexible coupling. The air supplied will be doubly filtered by an 
automatic oil filter followed by a cellulose dry filter. 

The type of gas engine selected was based on our experience at the 
Coney Island Plant. The engines are of the slow speed, vertical, multi- 
cylinder 4-eycle, heavy duty type. They are totally enclosed, present- 
ing a clean, sleek appearance. Each engine was tested in the shop at its 
rated brake horsepower to demonstrate its ability to meet the require- 
ments. The exhaust gas can be passed through a waste heat exchanger 
or by-passed around it and then through a silencer to the atmosphere. 
The air supplied to the engines is filtered. The heated jacket water is 
used for heating the building and digestion tanks. In the summer, ef- 
fluent water will be used to cool the jacket water. A heat exchanger 
is installed in the jacket water circuit for this purpose. The engine 
foundations are separate massive blocks of concrete, resting on a slab 
which is isolated from the building to prevent any transmission of vi- 
bration. 

In the basement of the pump and blower house are located all the 
miscellaneous auxiliaries including heat exchangers, fuel and oil pumps 
and tanks, oil purifiers, starting air compressors and receivers and a 
complete gas-fired heating plant. The pump and blower house is of 
sufficient size to serve the ultimate plant. 


Primary Settuinc Tanks 


Sewage is delivered through the force main, which contains a venturi 
meter for measuring the total flow, to the inlet channel of the primary 
sedimentation tanks. 

There are three tanks, each 124 ft. long, 50 ft. wide and 1314 ft. side 
wall depth. The design detention period at average flow of 40 M.G.D. 
is one hour. The sludge is removed by straight-line collectors, three in 
each tank and three cross collectors to sumps at the inlet end of the tank. 
The scraper blades of the main collectors on their return travel act as 
skimmers and push the scum to the outlet end of the tanks. At this 
point, an auxiliary scraper mechanism, which is activated by the main 
collector, pushes the scum into a trough from which it flows to a sump 
manhole located alongside the preliminary pumping station. Here, the 
scum will be allowed to separate on top. The water will be subcanted 
from the manhole and returned to the wet well; the scum will be pumped 
into the digestion tanks. The sludge will be removed from the sludge 
sumps by means of three 4 in. plunger pumps located in the sludge 
pumping station, one pump being connected to each tank. A cross con- 
nection is provided also so that any pump can draw from any tank in 
case of a pump failure. Experience has shown that better control of 
pumping is afforded in this way by having a pump for each tank. The 
pumps are motor-driven by two speed motors directly connected to two 
speed gears, which are connected directly to the crank shaft of the 
pump. In this way, variation in deliveries of 130, 80, 65, and 40 gal- 
lons per minute can be obtained. 
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The sewage enters the tanks through eighteen 24 in. gates, which 
are provided with baffles. The outlet of the tanks is over weirs which 
extend along the entire width of 150 ft. into a channel which serves as a 
by-pass channel when the remaining units are by-passed or when the 
works are operated to provide only sedimentation. By means of four 
venturi meters, connecting this channel to the aeration tanks, settled 
sewage can be introduced at various points in the aeration tanks. 


AERATION TANKS 


The aeration tank layout was based on a design contemplating the 
use of the reaeration principle. When operating on a simple aeration 
eycle with 40 M.G.D. and 25 per cent return sludge, the aeration period 
is 3.3 hours. On the reaeration cycle, the sludge may be reactivated for 
widely varying periods as may be required. 

There are two aeration tanks 373 ft. long with four passes per tank. 
Each pass is 22 ft. 3 in. wide. The water depth is 15 feet. Space is 
available for a third tank in the area assigned to the first half of the 
plant. The return sludge channel is at the north end of the tanks and 
in normal operation the entire sewage flow may be admitted through 
this channel. The channel is aerated and sewage and sludge will be 
thoroughly and evenly mixed before entering the tanks. 

The four 30-in. venturi meters which connect the effluent channel of 
the primary tanks with the south end of the aeration tanks make it 
possible to admit sewage in any proportions desired at both ends of 
the tanks and at various points along the line of flow through the tanks. 

The tanks are of the spiral-flow type with curved walls so that the 
transverse velocity will be high and the period of contact of air and 
sewage may be somewhat increased. 

Air under pressure of about 7 lb. per sq. in. at the compressor will be 
furnished through a 36-in. force main extending to the north end. This 
main is carried to and through a pipe gallery at the north end of the 
aeration tanks and decreases in size as the lateral mains and the 
branches carrying air to the air lift pumps and the aerated channels are 
connected to it. The lateral mains are laid in the tops of the tank walls. 
They vary in diameter from 16 to 8 inches. Air is admitted to the sew- 
age through a double line of porous plates laid on the bottom and at one 
side of each channel. 

The plate holders are of reinforced concrete and carry Aloxite brand 
-arborundum plates of 40 permeability. The plates are supported upon 
rubber gaskets and are held in place by aluminum anchor bolts and 
clamps. They are therefore removable without danger of injury for 
cleaning or for any other purpose. 

The outlets from the tanks are over weirs and through 42-in. venturi 
meters to channels leading to the final sedimentation tanks. The weirs 


are mounted on each side of steel troughs 13% ft. in length. They pro- 


vide therefore a length of weir of 54 ft. per tank. Channels are aerated 
with a single line of plates so that no deposits will form. The time re- 








‘ DEES se 


a maemo 








it ee Se 





Vol. 11, No. 2 TALLMANS ISLAND SEWAGE TREATMENT WORKS 259 
quired for sewage to pass all aerated channels is approximately 20 min- 
utes when the works are operating at their desired capacity. 

The capacity of air compressors and piping is sufficient to supply 
1.2 cu. ft. of air per gallon of sewage but it is expected that much less 
than this amount will be required. 


Finat Serruine Tanks 


There are four rectangular final sedimentation tanks, shown in Fig. 
6, each 134 ft. long, 93 ft. 914 in. wide and with a water depth of 12 feet. 
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Fic. 6.—View of plant looking south from final settling tanks, 


returned sludge. The gross settling rate per sq. ft. per day is 1,000 
gallons. In order to secure as good distribution as possible, sewage is 
admitted over a continuous line of weirs extending along the ends of 
the tanks on each side of the distribution channel. A line of baffles 
which may be raised, lowered or varied in width or position is placed 
in front of the weirs so that the best distribution may be secured. Five 
straight-line main collectors and one cross collector in each tank remove 
the sludge to pits located at a central position between the tanks. 

Sludge is removed from the pits through four 20-in. pipes laid below 
the bottoms of the tanks to air lifts at the southwest corner of the tanks. 
The maximum allowable depth of sludge accumulated in the tanks is 
shown by a photoelectric eye which will flash a red light at the small 
register building near the air lifts. 

Six weir troughs each 73 ft. in length and supported upon lines of 
columns between the sludge collector channels and on the side walls 


The period of retention is 244 hours with 40 M.G.D. and 25 per cent 
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receive the purified effluent and discharge into the effluent channel at the 
end of the tank. The troughs supported by interior columns have ad- 
justable weirs on each side. The troughs at the side walls have one line 
of weirs. There is therefore 730 ft. of weirs in each tank. The head 
of the weirs is approximately 14 in. at the mean flow of 40 M.G.D. plus 
10 M.G.D. return sludge. The effect of wave action and velocity of ap- 
proach are very nearly eliminated and effluent is taken only from the 
uppermost and best clarified layer of water in the tank. 

Walkways of wood are provided over each trough for convenience in 
weir adjustment observation and adjustment. Cooling water for the 
engines in the pump and blower house is taken by gravity from the 
effluent channel. 

Four 16-in. air-lifts located at the southwest corner of the aeration 
tanks raise the return sludge about 4 ft. to sludge boxes, from which 
the return sludge flows to the return sludge channel and the excess 
sludge flows to the thickening tanks. A 12-in. air main from the main 
air line in the pipe gallery supplies air to the air-lifts through a 6-in. 
riser from each air lift. Sludge is lifted into sludge boxes 6 ft. square 
by 9ft. deep. Each air-lift is provided with air adjustable metal hood or 
umbrella which acts as a splash plate and by which the amount of sludge 
lifted may be changed and equalized. Each sludge line leading to an 
air-lift is provided with a by-pass and valve by which any sludge box 
may be emptied for the purpose of adjustment or repairs. 


StupGe THICKENING TANKS 


Since activated sludge has a high water content, it is advisable to 
attempt to reduce this before sending it to the digesters in order to cut 
down digestion capacity. For this reason, attempts have been made to 
thicken sludge in various ways. At this plant, two thickening tanks 
have been installed. 

The thickening tanks are 24 ft. in diameter and 18 ft. side water 
depth, with shallow conical bottoms. They are fitted with slow-moving, 
stirring apparatus operated by a small electric motor. Sludge is re- 
tained in these tanks 12 hours and its water content is expected to be 
reduced from 99 per cent to approximately 95 per cent. Four tanks will 
be required for this purpose. Two only have been built at this time. 
They have a center feed. The thickened sludge is pumped back to the 
digestion tanks through the same main that carries the primary sludge. 
Supernatant water accumulates to a depth of 3 or 4 feet and is dis- 
charged over circumferential weirs to the outlet sewer. The long 
period of retention would ordinarily permit activated sludge to bulk, 
create a nuisance and escape over the weirs. To prevent this, it has 
been found effective to chlorinate the supernatant water. Chlorinators 
have therefore been provided for this purpose and chlorine is applied 
through pipe lines over the surface of the tanks with discharge nozzles 
located as nearly as practicable at regular intervals about the surface. 
Chlorinators are located on the upper floor and sludge pumps on the 
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basement floor of the small building between the tanks. Very few tanks 
of this kind have been built and operating data by which results can be 
accurately predicated are meager. 


StupGe Dieestion Tanks 


There are four sludge digestion tanks, each 83 ft. in diameter with 
side water depth of 30 ft. and conical bottoms 9 ft. in depth, with a use- 
ful volume of 176,000 eu. ft. each, or a total of 705,000 eu. ft., equivalent 
to 2.43 cu. ft. per capita. They are fitted with Downes floating covers. 
The digesting sludge will be maintained at a temperature of about 85° 
I. by four coils of 3-in. pipe carrying hot water and supported about 
4 ft. from the outside walls and below the landing ledge of the covers. 
Hot water for heating is obtained from waste engine jacket water sup- 
plemented when necessary by water from boilers heated by sludge gas. 

Gas which collects under the tank cover enters a gas dome, built as a 
part of the cover. It enters a gas pipe at a point several feet above the 
top of the dome and is carried to a small mixing tank in the pump and 
blower house, from which it is piped to the engines. Where the gas 
pipe leaves each tank, a flame trap, gas drip and meter are placed in the 
line. 

Supernatant water is drawn from four levels. Apparatus is pro- 
vided for sampling the water before it is drawn. This apparatus is 
placed in a ventilated gas-tight enclosure to avoid odors in the enclosed 
space between the tanks, and also the danger of explosion if gas escapes. 

It is expected that about 50 per cent of the power required to operate 
the works will be obtained from sludge gas. 

Fully digested sludge will be pumped to storage tanks located near 
the pier at which sludge boats will be loaded. The space between the 
digestion tanks which is entirely enclosed contains four sludge pumps, 
each of 130 g.p.m. capacity, whose principal function is to deliver di- 
gested sludge to the storage tanks. They can be used, however, to re- 
move sludge from one digester to another when it is necessary to enter 
for any purpose. <A chemical dry-feed machine with pump and hose 
connections to incoming sludge lines is located in this same enclosure, 
making it possible to treat sludge entering any digester with lime. 

Supernatant water drawn to the supernatant settling tank can also 
be treated with lime or other chemical in the same manner. Two chlo- 
rinators are also provided for use with the supernatant settling tank. 
The depth of sludge in each tank will be shown on a register which is 
operated by a metal cable which passes over the tank walls and is at- 
tached to the floating cover. The whole enclosure is thoroughly ven- 
tilated and adequately lighted. 

There are entrances on all sides of the enclosure and platforms for 
the delivery and removal of materials. All outside piping required in 
connection with the operation of the tanks is enclosed in pipe trenches, 
below the floor of the operating chamber, which are covered with metal 
grating. 
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SUPERNATANT SETTLING TANK 


The supernatant water settling tank is 20 ft. square with 20 ft. side 
water depth and a pyramidal bottom 5 ft. deep. It is covered with a 
concrete roof with entrance manhole with perforated cover. It is fitted 
with an adjustable settled effluent draw-off pipe and sludge suction line, 
connected to the suction line of the sludge pumps, and effluent weirs. 

Supernatant water from the digestion tanks is discharged by gravity 
directly to the supernatant settling tank where it is retained 6 hours, 
treated chemically and suspended matter is allowed to settle. The par- 
tially clarified effluent is then discharged into the pump well and again 
sent through the works. The sludge from the tank is pumped back to 
the digestion tanks. 

The supernatant water carries with it a quantity of suspended mat- 
ter which is not fully digested but the quantity is small, the gas produced 
by it in this tank is not large and no provision has been made for cap- 
turing it. 

Normal water level in the tank is above the level of the pump room 
floor so that the sludge pumps for the digestion tanks are self-priming 
from this tank so that no additional pump for the removal of this sludge 
is necessary. 


SLupGe STroracGE TANKS 


The sludge storage tanks are 35 ft. in diameter and 29 ft. maximum 
side water depth, with conical bottoms. The capacity of a sludge boat 
is approximately 55,000 cu. ft. The tanks contain somewhat more than 
one boat load above the level of the conical bottoms. One boat load will 
be accumulated in about 5 days when the sewage flow reaches 40 M.G.D. 

The sludge boats which now remove sludge from Wards Island will 
be utilized to perform a similar service here. Sufficient space is avail- 
able near the sludge storage tanks to process sludge for fertilizer if at 
some future time it is decided to dispose of it in this manner. 

Sludge is discharged from the storage tanks by gravity through a 
14-in. main which is supported under the floor of the pier. Boats may 
be loaded from either side of the pier. A sludge pump located in the 
building enclosure between the tanks is for the purpose of emptying the 
sludge main after boats are filled, and for moving sludge from one tank 
to the other. 

Sludge level indicators and facilities for removing supernatant water 
are also located in the building. Supernatant water, the quantity of 
which will be small, may be returned to the drain leading to the wet well. 


Dock AND OuTFALL SEWER 


A steel sheet bulkhead was erected around the site to confine the fill 
and a concrete deck wood pile dock 300 ft. long by 34 in. wide was built 
for mooring of the sludge boats. The main plant outfall is carried 
underneath the dock. 
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Power 


It is expected that about 50 per cent of the total power required will 
be available from the sludge gas, and the balance will be made up by pur- 
chasing gas and electricity from the local utilities. Electric power is 
used mainly for the plant auxiliaries, lighting, sludge handling equip- 
ment and ventilation. Current used is 3 phase, 60 cycles, 208 volts. 
There are 50 motors, which range in size from 1/6 to 40 H.P., of the 
totally enclosed, fan-cooled ball bearing type. The total connected H.P. 
of the motors is 425. 

There are 24 ornamental standards for outside lighting and 1,000 
watt flood lights for the pier. The total lighting load is 75 K.W. The 
total installed gas engine power is 3,500 break H.P. 


ConstTRUCTION Cost 


The project was financed wholly by the City of New York at a con- 


struction cost for the plant of $3,833,216, itemized as follows: 

COMURME es Te MR RC ORC ors a ecient ee. ahaa elie eed a auaane ere eee ae ees $ 334,780 
Contract (2. “‘Strnctures and’ Wu MON: «ose. cisiscarels diel Ws osese rays Sjavsielere says wleyeinls 1,303,064 
Contract 3. Pump and Blower House and Grit Chamber ...............e.eee0e 1,280,185 
Contract 4. Mechanical Equipment—Pump and Blower House ................. 469,000 
Contract oO: “HNeotricall TquypMent: 6.0. issues sass a scsi Mrs Riso aa rBiaL die Hee EWA 199,126 
COntrAch 1.) ieearierrend) “ViOMOU ANY 05000265 645: c8a, crass, eras slaie lenduie seca anes e1e ale thd eee 73,291 
MOOMUMRCD: ii SEMEN IIEATE yates aya foreseen depen Sao id, ors Sub Tea\ W's aMGLa eo WIS MA Ae oce Siw bialaNaearat 48,990 
Vontract’ “S: “Ronds and anasch pws osc diese ea niedin ds poe aes KOR Samo Meese 71,900 
Contract: 9. Mloating Covers for Digestion: Tanks) o.oo cds ese. 6 cress ects acore sass wee 46,280 
Contact 10;, Sludge: Thickenime Mechaniemir zs) o 3 65.000 viene sieye seas ease wlale' ne 6,600 


$3,833,216 

The above figures do not include the cost of land and it must be 
borne in mind a sizable proportion of the above construction will serve 
the ultimate plant. Pro-rating the above expense over the ultimate 
plant, the construction cost per M.G.D. is approximately $75,000. 

The design and supervision of construction was started under the 
jurisdiction of the Department of Sanitation and was completed by the 
Department of Public Works. 

The officers and engineers charged with the responsibility of earry- 
ing out this work are as follows: 

Irving V. A. Huie, Commissioner, Department of Public Works; 
R. H. Gould, Acting Deputy Commissioner; Walter D. Binger, Deputy 
Commissioner, Department of Sanitation; J. Frank Johnson, Chief 
Mngineer, W. Donaldson, Director, Bureau of Sewage Disposal; Henry 
Liebman, Designing Engineer, Edwin J. Fort, Project Engineer, Vic- 
tor Greiff, Electrical Engineer, J. W. VanDenburg, Mechanical Engi- 
neer. The construction was supervised by H. C. Gaffney, Construction 
Engineer, A. R. Glock, District Construction Engineer, and A. Williams, 
Resident Engineer. 

Special credit must be given to Mayor LaGuardia whose keen ap- 
preciation and co-operation has greatly advanced the progress of sew- 
age treatment in the City of New York. 








EXPERIMENTAL VENTILATION OF THE NORTH 
OUTFALL SEWER OF THE CITY OF 
LOS ANGELES * 


By E. G. Strupiey 


Supervisor, Bureau of Engineering, City of Los Angeles 


The North Outfall Sewer of the City of Los Angeles is 55 miles long 


from its upper end in Canoga Park, located in the westerly end of San 
Ferrando Valley, to the screening plant at Hyperion. The lower 6-mile 
section which was constructed in 1924, was sealed as far as normal 
ventilation was concerned from the rest of the system by a siphon under 
Centinela Avenue and has only one large connection which is the force 
main from the Venice Pumping Plant. This section of the outfall was 
built with very few manholes and these were sealed so that the sewer 
operated without any appreciable change of air from 1924 until 1936. 
Air samples in 1936 contained as little as 11.7 per cent oxygen. 

In 1936 openings were cut in the top of the sewer at intervals of 
from 300 to 2,000 feet which were used in connection with the inspection 
of this section of the sewer by Reuben F. Brown, Assistant Superin- 
tendent of Sewers. (See This Journal, Vol. 9, p. 446 (1937).) The 
major result of this inspection was that some means must be adopted 
to reduce or eliminate the disintegration of North Outfall Sewer. 

This sewer, which is of semi-eliptical cross section 10 ft. 6 in. high 
and 12 ft. 3 in. wide at the spring line, was lined above the spring line 
with clay liner blocks. The joints between the liner blocks were kept 
as narrow as possible and filled with Portland cement mortar. 

The inspection in 1936 found large areas of the sewer without tile; 
found the joints between the tile to be reduced to a mushy gypsum and 
the concrete where tile was off to be soft and porous. From the con- 
dition of many tile which were reported as spalled, it was apparent that 
there had been no failure of the tile but that the reduction of the joint 
and concrete back of the tile from concrete to gypsum had forced the 
tile off, either as a unit or in pieces. 

The problem, therefore, was to eliminate the hydrogen sulfide gas, 
prevent its oxidation to sulfuric acid, or the accumulation of the acid 
on the concrete. 

Since this sewer has an average flow of 200 cu. ft. per second, the 
control of hydrogen sulfide with chemicals would have been very ex- 
pensive. The alternatives were the submerging of the sewer with con- 
trol gates, or ventilation. 

On February 24, 1937, the Board of Public Works adopted the City 
Engineer’s report recommending experiments be conducted in ventilat- 
ing a portion of the North Outfall Sewer and the first appropriation 
was made by the Council in August, 1937. 

* Presented at a Meeting of the Sanitary Engineering Group of the American Soe. of Civ. 
Eng., Los Angeles, Dec. 6, 1938. 
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Two methods of ventilation were considered. First, the forcing of 
fresh air into the sewer at one location and the release of air from the 
sewer at intervals along the sewer, which is the method used by Mel- 
bourne, Australia. This method has the advantage that the fan is not 
subject to corrosion. The second method, which was adopted, was the 
evacuation at one point, admitting fresh air at intervals along the sewer. 
This method was adopted for experiment because the station could be 
located about a half mile west of Centinela Avenue where the top of 
the outfall is just below the ground and was accessible for trucking 
heavy machinery. It is also the farthest removed from any developed 
section so that it was probable that the sewer air could be released into 
the atmosphere without being deodorized and without complaint. 

This location is 2,000 ft. below the Centinela Siphon and 31,000 ft. 
above the sereening plant. It is also adjacent to the section of the 
North Outfall which showed the greatest deterioration. The principal 
objection to the location was the fact that electrical energy could be had 
only for an expenditure close to $5,000, which was considered out of the 
question for experimental purposes. 

Therefore, a 6-cylinder Diesel engine salvaged from a caterpillar 
and mounted on a special frame with outboard bearing and clutch was 
rented. An evacuating fan with a rated capacity of 15,000 cu. ft. per 
minute was also rented. These rentals provided that if the city de- 
sired to purchase the equipment, the rent paid would apply on the 
purchase price. The fan was connected to the top of the sewer by a 
long radius elbow and a short sleeve of 36 in. diameter. The per- 
pendicular discharge line from the fan was built of sheet iron and is 
18 in. by 20 in. in cross-section. The engine was mounted on a heavy 
conerete mat, with adjustments for alignment, and connected to the fan 
with a 12 in. flat belt. The unit was enclosed in a sheet-iron building 
(Figs. 1 and 2). 

Two 400-gallon fuel tanks were installed with gravity feed to the 
engine filter which provided sufficient storage for a week’s supply of 
fuel on a 24-hour per day operating basis. The flat belt drive was the 
only troublesome unit of the assembly and has since been replaced with 
a triple roller chain and geared sprockets which run in an oil bath in a 
metal housing. 

Actual ventilation started Jan. 3, 1938. For some time daily records 
were kept of the following items: 


Fan speed. 

Quantity of exhausted air. 

Wet and dry bulb temperatures of the exhaust air and atmosphere. 
H.S content of the exhausted air. 

Amount of vacuum in the suction line. 

Quantity of air admitted at the various openings in the sewer. 


The quantity of air admitted was controlled by adjusting the sliding 
doors on the wooden covers placed on top of the openings cut in the 
sewer for the 1936 inspection. The interior condition of the sewer has 
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been inspected from time to time from wooden platforms lowered 
through these inspection openings and the use of mirrors to direct light 
into the sewer, but no further investigation has been made by boat be- 
tween openings. 

Ventilation was put on a 24-hour per day basis two days after start- 
ing. The variation of inlet locations has never required over 1.7 
inches of water suction on the fan so that at the normal fan speed of 
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Fig. 1—Sketch of sewer, fan, intake and exhaust. 


850 r.p.m. the quantity of air removed has remained consistently about 
22,000 cu. ft. per minute. The location of the fan is designated as 
Hole 1 and all openings downstream are numbered consecutively. 

For the first five days of operation all fresh air was admitted 
through Holes 4 and 6, 1,176 and 2,400 ft., respectively, from the fan. 
In these five days there had been considerable drying out of the sewer 
adjacent to the holes open but at the unopened holes the sewer was very 
wet. 

During the next week all fresh air was admitted through Holes 8 
and 10, 4,350 and 5,375 ft. respectively, from the fan. At the end of 
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this second week the sewer adjacent to the holes which had been open 
the week before, had lost its relatively dry condition and was very wet 
again. The sewer between the holes which had been open this week, 
namely Holes 8 and 10, was drying out nicely and at intermediate Holes 
7 and 9 was showing the effect of ventilation. 

It was decided at this time to open all holes from 3 to 10, leaving 2, 
which is only 330 ft. from the fan, closed for observation purposes. 
This was done Jan. 18, 1938. A canvas curtain was installed in the 
sewer adjacent to Hole 15 and Hole 16 was opened so that air from the 
lower portion of the sewer displaced by the rise in sewage level would 
be forced out at 16, and not be sucked into the ventilated portion. 

3y the latter part of February the entire length of sewer from the 
fan to Hole 10 had changed in appearance and the benefits of ventila- 
tion were being noted. 








Fig. 2.—General view—object left to right—exhaust pipe, H.S testing equipment, fan, stack, 
drive belt and engine (picture taken before completion of building.) 


On Feb. 28 and on March 2, 1988, this portion of the sewer was run- 
ning under a head. On the latter date water overflowed from out ven- 
tilation inlets in several places, cutting away the earth bank to a danger- 
ous degree. Because of the press of emergency flood clean-up work, 
ventilation was not resumed until March 14, 1938. After the storm, 
overflow pipes were installed at Holes 7, 8 and 9 so that further inspec- 
tion at these locations was impossible. (See Table I for data.) 

3v the 1st of May, the sewer from Hole 10 to the fan, a distance of 
0,379 ft., was covered with a greyish or yellowish powder and the ma- 
terial between the tiles was dry and hard. Another 2,000 ft. westerly 
from 10 had been open a week. 

On Sept. 1, 1938, the ventilation section was 10,200 ft. long and on 
Nov. 1 was 12,570 ft. long. Since that time Hole 18 and the siphon out- 
let structure have been opened, making the ventilated portion 14,200 ft. 
long. 

Prior to ventilation the air temperature in the sewer was about 80° 
I’. The sides of the sewer were covered with a wet stringy deposit con- 
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taining. 7 per cent CaO, 4 per cent SO;, and 12 per cent metal trioxides. 
The inner surfaces of the sewer had sufficient free moisture on them so 
that the drops of water gathered and ran down the tiles and joints 
carrying the gypsum out of the tile joints onto the tiles below. 

As the sewer dried out the surface deposits were dried first and 
disappeared, leaving the sewer very new looking. The free water dis- 
appeared and the tile joints had the consistency of putty. However, 
when the tile was rubbed with a squeegee drops of water could be 


TaBLeE I.—North Outfall Sewer Ventilation 
Observers A. A. sich and J. J. Buehler. Operating Records, Typical Day. Date 3/28/38 














































































































| | 
Atmosphere | Exhaust Gas | | ¢ Discharge from Fan 
| | a | 
‘or 2 oe ae ae oe ‘ 
Time | | , | @.{ 6 | >2 a. Remarks 
lz | 3 g)aa| 38 | 23 25 
pe leo |E | zo |e 2 |e) s&] ES | 2s Sis, 
Ag ieales| An |ee |mS italiana] 2 ez CO 
8:00 | 58] 54! 78} 68 | 68 | 100) 832} 1.3 | 4.5 ud 21 ,600) Weather—cloudy and _ cool. 
9:00 | 61| 55] 6s| 68 | 68 | 100) | 825) 1.3 | 4.5 144) 21 600) Reinserted plaques in Nos. 
10:00 | 63 a 61| 68 | 68 | 100) 8 | 828} 1.3 | 4.6] 146] 21,600} 2 and 6. Looked in Hole 
11:00 | 62) 54) 60) 68.5) 68.5) 100) 828} 1.3 | 4.5] 144] 21,600) 15 and saw that baffle was 
12:00 | 63] 55| 61/69 | 69 | 100] 6 | 834] 1.3 | 4.6] 146 21,900) still hanging in good condi- 
1:00 | 60) 53) 64) 69 | 69 | 100) 8 | 838) 1.3 | 4.4} 143) 21,450) tion. No water has been 
2:00 | 64| 56) 61] 69 | 69 100) 7 | 838) 1.3 | 4.5 144| 21,600) thrown out of stack today 
3:00 | 64 57] 65) 69.5) 60.5) 100) 835| 1.4 | 4.5 144| 21,600 
4:00 | 56] 51) 71| 69.5] 69.5] 100} | 825] 1.3 | 4.4 143) 21,450 
Air Inlet Quantities 
Hole No.. . 3 | 4 | 5 | 6 | 7 8 9 10 16 | 
Dist. from Fan, Ft. | 720 | 1,176 | 1,919 | 2,401 | 3,421 | 4,357 | 4,865 | 5,373 10,359 | Total 
Area, Sq. Ft....... } 15 | 15] 187 | 225 | 314] 3.14] 3.14 | 6.88 3.88 | 
— ae m One, Os (eae cee af eee 
S| Anem. Vel........| 1,300} 690| 570! 740] 615] 655| 650| 410 | 
Ss | Correction........|—107 | —44| —35| —49] —40| —42| —42| -—9 | 
<i &| Ave. Vel., Ft./Min.|1,193| 646] 535] 691] 575) 613] 608| 401 | 
S| Quantity, C.F.M. ./1,790| 969 | 1 000 | 1,555 | 1,805 | 1,925 | 1,909 09 | 2,438 | | 13,391 
©] Anem. Vel....... ./ 1,630 | 1,740 | 1,250 | 1,258 | 1,000 1040) 7 785| 345] 210 | 
= 7 Correction...... j— 122 — 156 | — 102 |— 102 | — 76 | —61i | —d1 —3} +17! 
1 S| Ave. Vel., ns 1,488 | 1,584 | 1,1 48 | 1,153 | 924 | 959 | 734 342 | 227 | 
% | Quantity, C.F.M. . | 2,232 | 2,376 | 2,177 | 2,594 | 2,901 | 3,111 | 2,305 | 2,353] 881 | 20,930 








gathered. After this, the joints would become firm and hard and the 
tile had a yellow deposit of sulfur on it. To the hand the deposit on the 
tile felt greasy. Subsequently, the tile beeame very dry and was cov- 
ered with a grey or white powder. This powder has been washed 
off the sides of the sewer which are alternately submerged and ex- 
posed throughout the day. There has been sufficient drying during 
the hours of low flow to eliminate the line of saturation, the high flow 
line being the limit of the powder. I refer to it as a powder, even 
though it may be greasy or moist, to distinguish it from the original 
deposit. 

















9 











Vol. 11, No. 2 NORTH OUTFALL SEWER OF CITY OF LOS ANGELES 269 





At each inspection hole, the driest and wettest condition exists. I 
believe the inlet air should be funneled into the sewer to eliminate the 
condensation which we have experienced on the downstream side of the 
holes where the sewer air first comes in contact with the fresh air. This 
area of condensation extends only a few feet downstream from the hole 
and we have been governed by the condition of the sewer below this 
point. 

Since January, 1938, there has been no record of an exhaust hu- 
midity below 100 per cent. There have been humidities in the sewer 
recorded at 95 per cent but I think the air admitted at the hole during 
the time of the sampling affected the work. 

The last exhaust air samples taken (Table II) averaged 16 p.p.m. 
H.S between 10:00 A.M. and 3:00 P.M. The last sewage sampled 
throughout the ventilated section for H.S was taken in the middle of 
April and averaged only 2 p.p.m. where originally the sewage had 10 


Tasie II.—Atmosphere and Exhaust Gas Data Taken at North Outfall Sewer Ventilation Station 
Tests made by Los Angeles Bureau of Standards, Sept. 1, 1938 





























Exhaust Gas Air 

Time Hydrogen | a ee | Relative ania Relative 

Sulfide (HS) wee “| Humidity wae ure | Humidity 

(p.p.m.) aie | (per cent) — (per cent) 
10:00 A.M.......... 15 | 80 | 100 | 74 77 
oS Se 17 80 | 100 74 73 
|) ee 17 80 | 100 74 73 
1:00 P.M.......... | 16 81 100 75 70 
Lg | 16 81 | 100 76 70 
B00 Min 2. coos | 16 | 81 | 100 74 73 














p.p.m. The cross-sectional air space in the sewer varies from 41 to 76 
sq. ft. and the average velocity in the sewer at the ventilation station is 
300 feet per minute. 

As additional holes are opened it is gratifying to see that the sewer 
is drier than it has ever been before and we are confident that even 
though we are attempting now to ventilate less than half of the North 
Outfall Sewer from Centinela Avenue to the Screening Plant, the effect 
of our work is extended to possibly the entire distance. 

The operating cost of the Diesel engine has proved to be economical. 
The daily requirement for fuel is about 70 gallons, which is delivered 
to us at 3%4e per gallon, and 3 gallons of lubricating oil, which provides 
for oil changes twice a week. The power requirement of the fan is 
5) H.P. so that the 75 H.P. engine operates at 625 r.p.m. without effort. 
This station will operate this fiscal year for $2,000.00, exclusive of labor, 
barring another accident which required the rebuilding of the starter 
engine. 

Even though the exhausted air from the sewer contains 16 p.p.m. of 
hydrogen sulfide and is fully saturated, no deterioration has occurred 
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to paint on the fan, or the discharge line, which is built of galvanized 
iron. There have been no complaints from the neighborhood relative to 
objectionable odors being exhausted from the sewer, and neither has 
there been more than the faintest odor detected anywhere in that vi- 
cinity ‘when the fan was operating. Time after time I have been in the 
district, along the sewer and at the station, without detecting any sew- 
age odor. 

The evacuated air is discharged into the atmosphere with a velocity 
of 150 ft. per second, and whether the dilution obtained at this high 
velocity keeps the odor within reasonable bounds, or whether there is an 
actual oxidation of the gas as it strikes the atmosphere, is not known; 
however, we have operated throughout the vear without any effort 
toward controlling the odors from this ventilating system. 

The entire condition of the outfall is so greatly improved that it is 
the recommendation of the City Engineer that this station not only be 
maintained, but that other stations be constructed so as to ventilate both 
the North Outfall and Central Outfall, at least from Crenshaw Boule- 
vard westerly. 

This work has been carried on with appropriations made for this 
purpose by the City Council, under the jurisdiction of Lloyd Aldrich, 
City Engineer, and under the immediate supervision of H. G. Smith, 
Engineer of Sewer Design, with installation and operation being per- 
formed under the supervision of F’. A. Batty, Superintendent of Sewers, 
and with the co-operation of T. A. Fitch, Director of the Los Angeles 
Bureau of Standards. 


























SYMPOSIUM ON SEWER RENTALS * 
I. SEWER RENTALS 
By R. C. Sweeney 


District Sanitary Engineer, State Department of Health, Albany, N. Y. 


Sewer rentals or the establishment of rates for the use of a sewer 
system are not new in the United States. The plan has been in use since 
1894, when Brockton, Massachusetts, passed a sewer rental ordinance 
which is still in effect. A recent survey has indicated that there are 
now more than 600 municipalities in 35 states which utilize this plan for 
financing the operation of sewage treatment plants. 

New York State, although one of the 35 states that have an enabling 
act which permits municipalities to utilize a plan of sewer rental, has 
not yet taken much advantage of the plan, for there are only two munici- 
palities in the state which actually have sewer service charges in effect. 

The New York State act enabling municipalities to set up a charge 
for the use of the sewer system is quite broad in that it permits that the 
funds so obtained ‘*‘. . . shall be used for the payment of the cost of the 
management, maintenance, operation and repair of the sewerage sys- 
tem, including treatment and disposal works, and any surplus in such 
fund may be used for the enlargement or replacement of the same and 
for the payment of the interest on any debt incurred for the construc- 
tion of such sewerage system and for retiring such debt. . . .”’ 

Other features of the law are that the governing board of the mu- 
nicipality may: (1) base the rate schedule on any equitable basis, (2) 
change the schedule from time to time, (3) keep the collected funds 
separate and (4) apply the rentals as a lien on the real property served 
and when in arrears such rents may be collected as other delinquent 
taxes. 

The act does contain one prohibition, that is, that the funds so de- 
rived shall not be used to extend the sewer system into unsewered areas. 

While the basie act which permits municipalities to utilize a sewer 
rental plan of financing was passed in 1929 the two cities actually having 
the plan in effect in New York State have not used the act of 1929 but 
have used the provisions of two later acts passed in 1935, one the so- 
called ‘‘Revenue Bond Act’’ of that year, the other the act setting up 
the Buffalo Sewer Authority and prescribing its duties and powers. 

The Revenue Bond Act, which is Act 14C of Chapter 525 of the laws 
of 1935, was devised to assist in the financing of self-supporting and self- 
liquidating undertakings of all kinds. The act specifically mentions 
such undertakings as tunnels, bridges, docks, water supply develop- 
ments, sewers and sewage treatment works. The act provides for the 
issuance of bonds for the improvement and the establishment and col- 
lection of rates, fees, tolls or charges for the service provided by the 


* Presented at the Eleventh Annual Meeting of the New York State Sewage Works As- 
sociation, New York City, Jan. 20, 1939. 
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undertaking. It further provides that the revenues collected shall be 

used for: 

(a) Debt service on the improvement. 

(b) To provide for all expenses of operation and maintenance of the 
undertaking, and 

(c) To provide a reserve for improvements to the project. 

The major defect of the Revenue Bond Act is that the bonds for the 
improvement must be sold to the Federal Government. 

The provisions of the Buffalo Sewer Authority act relating to the 
establishment of sewer rental follow to a certain extent the provisions 
of the general law of 1929 in that the act provides: 

1. That the rates must be on an equitable basis. 

2. That the rates may be changed when deemed advisable, and 

3. That the charges if not paid shall become a lien on the property 


served which can be foreclosed by the Sewer Authority. 


~ 


The first of the two municipalities of New York State to utilize sewer 
rental was the City of Plattsburg, whose ordinance went into effect in 
February, 1938, though under a special provision of the ordinance only 
one-half of the scheduled rates were collected for the year 1938. Platts- 
burg has a population of approximately 14,000 and while the city owns 
and operates its water supply, only a limited number of meters are in 
use. Its schedule of sewer rents therefore could not be based on the 
metered use of water and a flat rate charge depending on type of 
premises served was utilized. 

The schedule of rates at Plattsburg includes the following charges: 





Type of Premises Annual Charge 
Single Residence ; $ 6.50 
2 Family Residence.... Age 8.00 
3 Family Residence. ... eee 9.00 
1 Family Residence... . -ie3e0a 1000 
5 Family Residence... . ee 11.00 
6 Family Residence. ... -as 22300 
7 Family Residence.... . ceca a0 
8 Family Residence.... pate 14.00 
9 Family Residence.... Jcnesase SOD 
10 Family Residence. ... ie 16.00 
11 Family Residence.... <a xetiai Te 
12 Family Residence... on Pe ,av ae SIO 
14 Family Residence...... Pein ee 20.00 
17 Family Residence..... Fes ten ete 23.00 
Publie Schools er Soe: cinerea lie 6 06:8 0.00 
Private Schools... . AE hea te 0.00 
Churehes........... etre Rema » 290 
Creameries. . . ; Sit seais oe) ORO 
Garages—Washing Cars.... eeeaa MORO 
Filling Stations—Washing Cars......... 12.50 
Green Houses........ eT are Toe 15.00 
RUMERINR eh Shen 58 Soy a Gi ce cera 50.00 
Hotels—75 Rooms or more........... . 50.00 
Hotels—Less than 75 Rooms........... 25.00 
BM MINIRBIND © Sine cists ois ates wha re 25.00 


Public or Business Toilets.............. 5.00 
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Provision is made by the ordinance to collect the sewer rental quar- 
terly, the amount due being shown as a separate item among a number 
of other items which appear on the single city tax bill. Payment for 
the use of water is also included as one of the items on the tax bill. 

The Plattsburgh ordinance was designed to meet all of the operating 
charges against the new treatment works which are now under construc- 
tion, and in addition to provide funds to meet the annual bond and 
interest charges against both the treatment works and the new inter- 
cepting sewers. The estimated cost of maintenance and repair of the 
local and intercepting sewer systems have not been included. The 
estimate of the annual revenue desired was $20,900 made up of the 
following items: 


PIRBUOPEIATOU ss. osis.cscietaneti $ 6,500 
Interest ON GCDE «066.55 occ cine ss 5,400 
Bond retirement... 6.66 0s os ose 9,000 

MOL creer ore clei Ser geitherciots $20,900 


From the four 1938 collections, during which only one-half of the 
scheduled charges were collected, the city obtained approximately $10,- 
750, which would indicate no difficulty in meeting the budget require- 
ment. Additional leeway is provided in that the collections to date 
have not included payment for sewer service for the United States 
Army Barracks at Plattsburg, the sewage from which will be handled 
under a separate contract calling for an annual payment of about $500. 

Basic data for the establishment of the rate schedule was secured by 
means of a house-to-house survey by three city employees. From the 
survey a master card covering each service was prepared and these are 
available in case of any inquiry relative to the charge imposed. The 
municipal officials have reported that very few objections have been 
made to the plan and that the majority of objections were withdrawn 
when the plan was thoroughly explained. Much of the credit for the 
suecess of the plan is said to have been due to the careful handling of 
the proposal during its early consideration. 

The Buffalo rate schedule went into effect on July 1, 1938, after a 
very thorough study by the Authority and the Authority’s consulting 
engineers, Greeley and Hansen of Chicago. The basic plan of the Buf- 
falo schedule is one that has found favor with a number of municipal 
officials in that it derives revenue not only from rentals but also from 
direct taxation. The grandfather of all charges for sewer service, the 
1894 Brockton, Massachusetts plan, is of that type, 60 per cent of the 
revenue being obtained from sewer rentals with 40 per cent being ob- 
tained by direct taxation. 

Such a plan is especially applicable where the revenue obtained is 
used not only for treatment works operation but also for debt charges 
against the sewage treatment works or the interceptors or both. In 
the event that funds are derived only from the actual users of the sewer 
system the owner of vacant land pays nothing for the benefit of having 
the improvement available when he does require it nor does he con- 
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tribute for the general benefit that comes to the municipality from hay- 
ing sewerage and treatment facilities provided. 

In the Buffalo situation there is even more reason for raising a por- 
tion of the desired revenue by direct taxation, because of the fact ‘‘ (a) 
That part of the total annual revenue . . . is required on account of 
storm water”’ and ‘‘(b) That part of the total annual revenue .. . is 
required to provide capacity for future growth and thus to add security 
to vacant property.’’ On that basis the Buffalo plan provides that 45 
per cent of the Authority’s revenue will be obtained from a general 
property tax, the balance of 55 per cent from sewer service charges. 

In Buffalo all of the large consumers of water are metered, the 
majority of the small consumers being charged on the basis of their 
frontage, number of plumbing fixtures-or other factors. Each of these 
classes of consumers contributes about one half of the Water Depart- 
ment’s revenue. 

The revenue plan of the Buffalo Sewer Authority is designed to 
furnish approximately $1,500,000 per year for the following purposes: 


CES OES SS ee So $ 396,211.72 
LONNIE BOMIMOEOR Sic 5c a. soe gee eis es Slew Gages 14,272.00 
A MARIEA OTR RMAMI DEN 2c nw icTePois-as his im aon cs TA 22,930.00 
SIA en Eee as Sn edew wae 33,007.08 
RONAITS ANG DUNDES... 5. cece css ces cs 198,464.95 
BPE eS sisis re) Sie ace id oo wisnivtsia ewig tale oma aes 74,180.00 
ROMINA ois chic sina widicen ete mek ee 86,000.00 
SEEMED Ft eM sr, be ect, ore A Ae aieec 22,900.00 
Debt Service and Reserve.................. 601,900.00 
Good rola: 0 fe dt a a a 50,134.25 

UR oie aias s Sia ee Aes Toye ew alerts eters a $1,500,000.00 


The sum of $675,000 or 45 per cent of the budget, is now collected as 
a property tax by means of a separate annual billing by the Authority. 
It is anticipated that in the future this tax, which in 1938 amounted to 
approximately 73 cents per thousand dollars assessed valuation, will be 
billed and collected by the regular taxing authorities. . 

The balance of the budget, amounting to $825,000 per year, is being 
raised by sewer rental charges based on water usage. The area served 
by the works of the Authority contains a population of about 600,000 
which are served by approximately 18,000 metered and 85,000 flat rate 
water services. Metered water services using more than 250,000 cubic 
feet monthly are billed every month, with quarterly collections from the 
remaining metered services. Flat rate services are billed semi-annu- 
ally. Billing for sewer service based on water usage follows the col- 
lection schedule of the Division of Water, the single bill issued 
containing separate items for water and sewerage service. The bills 
are payable at the office of the City Treasurer. 

The resolution of the Buffalo Sewer Authority setting up the 
schedule of rates provides for a number of different bases of payment: 


(a) Up to 9,000 cubic feet per quarter.............................. $.40 per 1,000 cubic ft. 
6000 to 18/000 cubic teetiper quarter... 2... 2... eee eee .28 per 1,000 cubic ft. 
In excess of 18,000 cubic feet per quarter.....................0.0. -16 per 1,000 cubic ft. 


RNIN ENREET ERO INEI PAN Fosse AGEs 6 as G lala! Wiese eye Aue wAe .80 per quarter. 
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(b) For churches, public hospitals, schools, colleges and city depart- 
ments, ete., $.016 per 1,000 gallons. 

(c) 40 per cent of the water bill for flat rate services with the pro- 
vision that no charge shall be made for water used for lawn sprinkling, 
automatic sprinkling systems, rock gardens and other miscellaneous 
uses where the water is not returned to the sewer system. 

(d) Provision that when city water is not used the owner of the 
premises shall install a meter at his own expense and that the payment 
for usage shall then be made in accordance with the schedules in (a) 
or (b) above. 

(e) A provision that when a property uses in excess of 3,000 eubie 
feet of water per quarter and it can be shown that all or a portion of the 
water used is not returned to the sewer system the Authority may re- 
quire or permit the installation of additional measuring devices to 
determine the flow entering the sewer system. 

(f) A provision that when in the opinion of the Authority the sew- 
age or waste contains an unduly large concentration of waste which 
adds to the cost of treatment of the sewage the Authority may elect to 
establish a special rate. 

(g) That $675,000 shall be collected from all taxable real estate in 
the City of Buffalo. 

Interest will be charged at a rate of 6 per cent per vear on all rentals 
not paid when due. 

Collections to date have generally met expectations and indicate that 
the budget requirements will be met. Representatives of the Authority 
state that considering the number of billings made few objections have 
been filed. 

While the Buffalo and Plattsburg rental plans are the only two 
actually in effect in New York State at present, one of the college com- 
munities in the central part of the state late in 1938 proposed a sewer 
rental plan which was to have gone into effect on January 1st of this 
year. The ordinance was based on the enabling act of 1929 and pro- 
posed a rate schedule based on 38 per cent of the gross water bill. It 
was proposed to collect the rental charges at the same time and in the 
same manner as were the charges for water. Other provisions of the 
ordinance were that: 

(1) The Board of Public Works was to determine and fix an equita- 
ble rate for premises having sewer connection but obtaining all or a 
part of its water supply from other than the city supply. 

(2) Water used but not returned to the sewer system could be de- 
dueted. 

(3) The unpaid rents become a lien on the property, and 

(4) The funds derived might be used for all sewerage purposes 
except the extension of sewers into unsewered areas. 

An interesting section of the proposed ordinance is that it provides 
that any one permitting water specifically metered for commercial or 
non-sewage purposes to return to the sewer system would-be guilty of 
disorderly conduct. 
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The water rates of the municipality are in part as follows: 


Quarterly Meter Service Charge Usage Charge per Quarter 
Brean. MeO... . doe ee sccs. ... 1,000 cubic feet $ 3.50 
RRP, MIS ios in ozre S oie oS were 2,000 cubic feet 6.10 
1 in. : BAe on eRe Pr 3,000 cubic feet 8.40 
a 7 5,000 cubic feet 12.55 
LES TE 5 | aR ae sa ee eee 10,000 cubic feet 20.70 


Local objections have been made by establishments that have their 
own water supply, particularly the educational institution, and the ordi- 
nance has temporarily been tabled by the municipal officials. 

The collegiate episode just related has been added only to give more 
weight to our limited New York State experiences with this plan. It 
should be recognized, however, that in the two municipalities actually 
using the plan there are approximately 615,000 people, which after all 
is a sizable group of people. Their experiences with sewer rental to 
date have been generally satisfactory and those of us concerned with 
sewage treatment in this state hope that the plan of sewer rental will 
be carefully considered by the many of our local municipal officials who 
could well use an assured and adequate fund for the operation of their 
sewerage systems and treatment works. 


II. COMMENTS ON SEWER RENTALS * 


By Rosert A. ALLTON 


Consulting Engineer, Division of Sewage Treatment, Columbus, Ohio 


The first point I wish to discuss is a criticism of the title of this 
paper: namely the use of the word ‘‘Rental’’ in connection with a 
charge for sewer service. This may seem like a minor point but, in our 
case, it has caused much misunderstanding and a small amount of op- 
position to this method of raising funds for the operation of sewerage 
works. Those who drafted the enabling legislation used the word in 
accordance with accounting practice to mean a charge or income. How- 
ever, to the man in the street ‘‘Rental’’ is a payment which he makes 
for something which he rents and uses, such as a house or an apartment. 
Consequently, when the sewer rental ordinance was passed, we were 
immediately asked this question—‘‘Why should citizens pay rent for 
the use of the sewers and sewage treatment works when the city already 
owns them and is paying for them with tax money?’’ Starting with 
this attitude they then proceed to tell us that to pay rent for something 
which they already own is to pay twice for the same thing. We have 
had to take every opportunity to explain that a sewer rental charge is 
not rent in the popular sense but is a direct charge for a service ren- 
dered. However, even after a year’s operation, this question still comes 
up and causes some dissatisfaction. Where this method of financing is 


* Presented at the Eleventh Annual Meeting of the New York State Sewage Works As- 
sociation, New York City, Jan. 20, 1939. 
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to be discussed with the general public, I urge that you avoid the word 
‘‘Rental’’ and call it a sewerage charge or other appropriate name 
whose meaning is clear. 

There are many different methods of making a sewerage charge but 
by far the most popular, at least in Ohio, is to base the charge on the 
water consumption. This discussion will therefore be devoted to a 
consideration of this method. 

The use of water consumption as a basis for a sewerage charge is 
predicated on the assumption that the quantity of water used is a meas- 
ure of the quantity of sewage produced. This assumption is not strictly 
correct and if rigidly adhered to would result in individual charges all 
out of proportion to the use of the sewerage system. For this reason, 
when a sewer rental ordinance is drawn, provision must be made for 
exempting from charge water which does not and cannot enter the 
sewer system. In the case of industrial plants, this will necessitate a 
survey of each plant to determine the percentage of metered water that 
enters the sewer and, once this percentage is determined, it is applied to 
each meter reading to obtain the quantity of water on which the sewer 
charge is based. With domestic accounts, the question of exempting 
from payment water used for sprinkling is usually brought up. In the 
preparation of a sewer rental ordinance I have recently had occasion to 
make an investigation of this point. A study of a large number of 
domestie accounts indicates that the excess water used during the four 
summer months of June, July, August and September varies from 8 
per cent of the total annual consumption for accounts with a total 
annual consumption of 12,000 gallons to 6 per cent for accounts with a 
total annual consumption of 60,000 gallons. 

In the preparation of a schedule of rates for this method of making 
a sewerage charge, it is necessary to know the percentage of the total 
quantity of metered water which will be exempt and while accurate 
figures are not yet available, it would seem that 25 per cent is not far 
from correct. 

Another important point in the preparation of a schedule of rates is 
the quantity of water that enters the sewerage system from private 
water supplies. It is usually impossible to determine this with any 
degree of accuracy. However, if each private water supply is pro- 
vided with an approved meter, this meter can be read and the sewerage 
charge computed in the same manner as for the accounts using the 
municipal supplies. 

In any discussion of this method of making a sewerage charge, the 
point is usually raised that the charge should be based not only on the 
quantity but also on the strength of the sewage delivered to the sewer. 
That this is true cannot be denied but I think its importance is over- 
stressed. The difficulty of obtaining correct samples and the enormous 
amount of analytical work which would be required would be almost 
prohibitive. Furthermore, in any city the industries that produce 
wastes of abnormal characteristics are usually known and can be made 
the subject of special agreements. 
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When setting up a rate schedule, provision should also be made for 
delinquent accounts or else the money actually received will be less than 
the amount required. Our experience indicates that between 10 and 15 
per cent of the amount billed is delinquent at the end of the year. 

Arguments are still advanced that the cost of operation of sewerage 
works should be paid by general taxation rather than by a special sew- 
erage charge, on the theory that the sewerage works are a general 
benefit to the public and the charge should be based on the ability to 
pay rather than on the amount of service received. 

So far as my experience goes this contention is not borne out by the 
facts and, if anything, the small user of water pays less under a sewer- 
age charge than he would if the cost came out of general taxes. Fur- 
thermore, where funds are raised by taxation all tax-exempt properties, 
such as county and federal buildings, would pay nothing toward the cost 
of operation of the works whereas under a sewerage charge they do. 
It may be argued that the charges paid by these properties is itself 
raised by taxation and this is true but these taxes are levied on an area 
far greater than the city limits and therefore tend to decrease the 
amount which the inhabitants of the city will pay. 


III. SEWER RENTALS * 


By W. F. Tremprst 


Highway and Municipal Bureau, Portland Cement Association, Chicago, Illinois 


Perhaps a discussion of sewer rentals should start with a definition 
of the term and its purpose. I prefer the term ‘‘sewer service charges”’ 
which seems a little more explanatory. We may consider sewer rental 
as a charge for utility service in proportion to demand, use and benefits. 
It has been my experience that those who are familiar with essential 
services performed for municipalities are generally in favor of the 
principle of charging in proportion to use. For the use of any utility 
service, whether it be electric power and light, telephone, waterworks 
or sewerage, the most equitable charge is on a basis of demand and use. 
It is a little strange that in the sewerage field we seem to have had 
some difficulty in gaining the wide acceptance of this principle that has 
been so readily accepted without question for other utilities, as for ex- 
ample electric power and light and even the very close relative of sew- 
erage—waterworks. Perhaps it is because the other utilities bring 
something to us rather than take something away from us. We are 
more conscious of the pleasure and convenience of turning on the faucet 
for'a glass of water or a refreshing shower than we are of the service 
performed in disposing of the waste water. Those who have always 
enjoyed the advantages of modern plumbing do not appreciate the dif- 
ficulties suffered under the pioneer ‘‘draw and ecarry’’ method of taking 


* Presented at the Eleventh Annual Meeting of the New York State Sewage Works As- 
sociation, New York City, Jan. 20, 1939. 
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a bath when it was necessary to draw the water from the well, carry it 
in and earry it out. Iam recalling this picture merely to illustrate the 
point that the full advantages of good waterworks system can only be 
enjoyed when there is a complete sewerage system for disposal of the 
waste and spent waters of a community. This fact needs to be driven 
home in selling the public on the idea of sewerage as an important utility 
service for which a specific charge is justified. 

When general taxation is the sole means of raising funds for the 
construction and betterment of sewerage facilities there is an injustice 
in charging those who do not receive the service the same as those who 
daily enjoy its use. It is true that the value of vacant property is en- 
haneed by the availability of sewer service, but no more so than that of 
the users of the service. Owners of vacant property should pay some 
form of ready to serve charge and this can be provided for at the 
time the rate schedule for sewer rentals is established. 

There are many phases to the sewer rental method of financing but 
for the purpose of this discussion I think we can group them into five 
or possibly four classifications : 


First—Legislation 
Both state and local. 

Second—Publicity 
Kdueational campaign to overcome objections. 

Third—Rate Schedules 
Selection of basis for charge best suited to the peculiar conditions 
of the municipalities. This is perhaps the most important phase 
of sewer rental study. 

Fourth—Billing Methods and Collections 
Possibly a separate item for discussion should be made for ‘‘Col- 
lections.’’ Under ‘‘Billing Methods’’ may be discussed a stand- 
ard billing form and time such as monthly, quarterly, semi-annual 
or annual. Under ‘‘Collections’’ we may discuss penalties, dis- 
counts, property liens, ete. 


Legislation —The sewerage works associations can be of particular 
assistance in examining state legislation and recommending changes for 
a workable law and thereby making its benefits more widespread. I be- 
lieve that your association is the largest and while there is no particular 
virtue in bigness alone, I have it on good authority that you are the most 
active and influential, and I know personally that you have accomplished 
a great deal in this state. If my information is correct you could 
profitably work for improvement of the sewer rental law in New York to 
broaden the scope of its provisions and to inelude specifically construc- 
tion costs which item I understand is not definitely provided for. 

[ believe it would also be to your advantage and to the benefit of 
numerous municipalities in the state to have enacted a law authorizing 
the issuance of sewer revenue bonds so that it would not be necessary 
to have special legislation such as was required for Buffalo. You have, 
I believe, taken a definite stand in your state constitutional program 
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confining the payment of revenue bonds strictly to the income derived 
from the service. That is as it should be, provided that there exists 
sufficient power in the statutes to enforce adequate rates and payment. 
Our studies show that 35 states have some form of legislation that will 
permit sewer service charges and in five more states charter provisions, 
or other special circumstances, of certain municipalities permit them to 
charge sewer rentals. Although this would indicate fairly wide legis- 
lative provision, comparatively speaking, little use has been made of 
it. I think there are two principal reasons for this: one, fear that the 
legislation is inadequate, and two, general misunderstanding on the part 
of officials and the public. 

Publicity.—I should like to emphasize the need for educational cam- 
paigns because this is something that is often neglected or poorly done. 
Factual data honestly and convincingly presented will smooth the way 
for acceptance of the sewer service charge principle. Not only that, 
but intelligent publicity will create the necessary public demand for 
sewage treatment and sewerage extensions. This is demonstrated in 
a recent report of the Division of Sanitation, New York State Depart- 
ment of Health. Public meetings were held and conferences arranged 
by the Department with municipal officials, who in some cases were 
taken on an inspection trip to other communities to view the design and 
operation of sewerage works. 

Rate Schedules——No matter what method is used in charging for 
sewerage the problem of making an equitable distribution of the cost 
is a difficult one. It has long been realized that direct property assess- 
ment alone is not a suitable method. The sewer rental method is being 
considered more and more as the most reasonable solution. A number 
of municipalities are using what may be called a compromise method as 
best suited to their present conditions. This takes different forms. In 
some cases service charges are made for repair, maintenance and opera- 
tion, and the capital cost of the sewerage works earried by the general 
property tax. In others the entire cost of the treatment works is 
financed by service charges and the existing collection system carried 
by general tax. 

Methods of charging for sewer service offer a wide variety of choice. 
Writers on this subject have listed about 18 different methods. Two 
fundamentals should be kept in mind in discussion of sewer rate 
schedules. First, of course, the rate should be adequate to meet all 
requirements and must be determined by engineering studies. Second, 
allowing for a reasonable margin of safety, the rates should not be in 
excess of requirements which might create the danger of funds being 
raised by this method to pay other costs of government. We all know 
of cases where other utility rates, as for example electricity and water 
supply, have been made to carry part of general government functions. 
This practice is inequitable and defeats the very purpose of the service 
charge principle. 

Some years ago the New York State Bureau of Municipal Informa- 
tion compiled a summary of existing methods for determining the rate 
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to be charged for sewerage service. I am repeating the list here for 
convenient reference. 


1. A graduated seale depending upon the quantity of water consumed. 
A minimum charge is usually fixed. 

2. A uniform rate for all consumers based upon water consumption. 

3. A charge equivalent to a certain percentage of water bill. 

4. A ‘‘ready-to-serve’’ charge in combination with graduated scale 
based on water consumption. This charge may be graded ac- 
cording to number of fixtures. 

5. A flat rate per connection according to a classification of property. 

6. A rate based upon the number of fixtures connected to the sewer 
system. 

7. A combination of a flat rate and a rate per fixture. 

8. For industrial sections rates may be based upon number of persons 
employed or served. 

9. A rate based upon quantity and quality of sewage contributed as 
determined by B.O.D. test. 

10. A rate based entirely on the measured quantity of sewage con- 
tributed. This would require individual meters or weirs. 

This summary does not inelude possible charges against the prop- 
erty which may be used in combination with those listed. 

From a recent survey made in more than 100 municipalities in vari- 
ous parts of the country the rate was generally based on the amount of 
water consumed. In most cases this was obtained from metered water 
consumption. Unless some other method is used in combination with 
this there is no measure of the quality of the sewage discharged. <A 
survey of the number and kind of fixtures and the average flow from 
each will provide a basis for fixing a rate in proportion to both quantity 
and quality of the discharge of each user. 

Some communities merely add a fixed percentage to the water bill 
but it is preferable to make a separate charge even though it may ac- 
tually be a percentage of the water bill. The trend seems to be toward 
the use of a graduated scale based on the metered water consumption. 
This is particularly desirable for monthly or quarterly billing. 

In Oak Park, Illinois, where sewerage improvements have recently 
been completed and financed on a sewer rental and revenue bond method 
the schedule of charges is as follows: 

Per Quarter 


Up to and including 9,000 gallons................. $ 1.50 
9,001 to SOOO wallOns... 6... 56 oss scent 1.75 
15,001 to  20,000)gallons.............2...5 2.00 
ZOOL to. SOj000 wallons....... ...2...46.85 2.50 
30,001 to 5bO;000 gallons. .... 0.5.5... 20 CeO 
SOOL to’ ZOOS walions. .......50.2.. 5.06. 3.50 
70,001 to 100;000 gallons. ..... . 2.666065 can 4.00 
100,001 to 150,000 gallons................. 4.50 
150,001 to 300/000 galions.............. 05.44. 6.00 
300,001 to 450,000 gallons................. 7.50 
450,001 to 750,000 gallons................. 9.00 
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Per Quarter 


750,001 to 1,000,000 gallons................. 10.50 
1,000,001 to 2,000,000 -eallons................. 16.50 
2,000,001 to 3,000,000 gallons................. 22.50 
3,000,001 to 6,000,000 gallons................. 40.50 
6,000,001 to 9,000,000 gallons................. 58.50 


The above rates are based upon the consumption in the first quarter 
of each calendar year. This avoids complaints of excess charge when 
water is used for lawn sprinkling. 

It is of interest to note that of the 11,500 accounts on the books of 
Oak Park, 2,600 pay the minimum charge $1.50, 3,600 come within the 
second step, and 1,800 in the third group. 

Billing.—Billing methods should be as simple as possible and in 
many cases can be worked out in co-operation with the waterworks de- 
partment. No additional expense need be incurred because of sewer 
service charges. It may even be possible to effect some economy by the 
purchase of a billing machine for use in handling both waterworks and 
sewerage bills. 

Monthly billing appears the most painless method of collection with 
quarterly billing the next choice. Semi-annual and annual statements 
are submitted in several municipalities but these seem to have more of 
the appearance of a property tax bill and do not as effectively convey 
the idea to the user that he is paying for a specific service of daily con- 
venience. 

If the charge is made on a combined water and sewer bill it is 
desirable to show each charge separately and somewhere on the bill the 
schedule of rates or the basis for the amount should be shown. <A com- 
mon practice on all utility accounts is to show this on the reverse side. 
It would be distinctly helpful if some agreement could be reached on 
fundamental recommendations on billing forms and methods so that at 
least within each state there would be some degree of uniformity in 
accounting practice. 

The question of collections brings up a number of points on which 
there are differences of opinion. Can the water be shut off to enforce 
payment of sewer charge? Can the sewer be stopped for non-payment? 
Can a penalty be imposed? Is it possible to place a lien on the prop- 
erty served? What does the State Board of Health have to say about 
the imposition of any penalty? What recourse do the bond holders 
have? These are some of the questions that are asked when discussing 
the subject of collections. Often the difficulties feared are more theo- 
retical than actual and by and large municipalities operating on a sewer 
service charge basis have an excellent record of collections and delin- 
quencies are not a serious problem. 

It is only natural, of course, that when a bill is first received for a 
service which the usSer has not previously been conscious of paying, he 
will raise some objection. This is particularly true if no educational 
campaign has been conducted and the ordinary citizen has not been in- 
formed of the necessity for the increased facilities. 
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Shutting off the water or the sewer are considered drastic measures 
not permitted by Public Health authorities in so many cases that it is 
wise to consider other possible means of enforcing payment. The state 
law should be so worded that a lien for the amount due can be placed 
against the property served. This is an effective method and generally 
the most applicable. A penalty of a certain per cent of the bill, if not 
paid on or before a stipulated time, is also a common method that has 
been effective in many places. 





IV. FINANCING SEWAGE TREATMENT BY SEWER RENTALS * 
By M. W. Tatiock 


Superintendent, Sewage Treatment, Dayton, Ohio 


The success or failure of any sewage treatment plant depends in the 
ereatest measure upon whether or not it is operated in a skilled fashion ; 
and provision for its proper operation and maintenance usually involves 
two main considerations: personnel and finance. These items are 
closely related, because without proper financial provisions technical 
supervision and skilled operation are impossible. The degree of fi- 
nancial provision for operation, then, usually dictates the degree to 
which the sewage treatment plant is scientifically operated. The per- 
sonnel may vary, as determined by budget provisions, all the way from 
regularly employed technically trained and experienced men to the 
very non-technical or laborer class of operator, or even to no regularly 
employed full-time operation. Municipalities in some states (notably 
Ohio and Pennsylvania) are confined within certain statutory limits of 
expenditures for both construction and operating funds. ‘The need for 
proper financing is advisable and necessary in all states. 

A survey in Ohio in 1928 showed that less than 10 per cent of the 
sewage treatment plants were being operated under technical super- 
vision, that probably less than 20 per cent were giving satisfactory 
service to protect the receiving streams from nuisance and undue pollu- 
tion conditions; that the polluted stream conditions were caused by 
failure of the sewage treatment works, and that the neglected operation 
vas traceable to inability to finance operations from current revenues. 
Effort to enact new laws on taxation to give more revenues generally 
failed but if new laws were passed the budgeted items for sewage treat- 
ment were usually the last to be taken care of, even though the cities 
might be forced to pay damages for conditions created by the neglect 
of the sewage treatment works, because damages are a preferred charge 
against a municipality and do not come within the ordinary bond and 
tax limitations. However, surprising and untrue as it may seem, mu- 
nicipalities offered to build plants without knowing exactly where the 
funds would be found to operate them. The reason was usually based 
on a desire to hold off damage claims and embarrassing injunction suits. 


* Presented at the Eleventh Annual Meeting of the New York State Sewage Works As- 
sociation, New York City, Jan. 20, 1939. 












284 SEWAGE WORKS JOURNAL '  Mareh, 1939 


Tue Outo Law 


The Ohio statutes provide that the Department of Health may re- 
quire the construction of sewage treatment works to protect the public 
health, and shall approve all plans for sewage treatment works and re- 
quire information on the operation after they are built. When it was 
observed that an order of the department might be nullified if the mu- 
nicipality did not have sufficient funds for operation of a plant under 
the order, the department adopted the policy of refusing to approve 
plans for new treatment works unless there was reasonable assurance 
that sufficient funds would be provided for the correct maintenance and 
operation of such works. It was for this reason that the department 
requested the passage of the sewer rental law enacted in 1923. This 
was the first law of the kind to be passed. It is an act permitting mu- 
nicipalities to assess and collect charges for the use of sewers and to 
provide for the proper maintenance, operation, and control of sewerage 
systems and sewage disposal works. Any municipality may, under this 
statute, operate its sewerage department upon a utility basis and make 
it self-supporting by equitable charges for sewerage and sewage dis- 
posal service. The law provides for this in the following manner: Ohio 
General Code Sec. 3891—-1-2-3—4-5 and See. 4357. 

The council of any city or village which has installed or is installing sewerage, a 
system of sewerage, sewage pumping works, or sewage treatment or disposal works for 
publie use, may by ordinance establish just and equitable rates or charges of rents to be 
paid to such city or village for the use of such sewerage, a system of sewerage, sewage 
pumping works, or sewage treatment or disposal works by every person, firm or cor- 
poration whose premises are sewered by a connection to such sewerage, system of sew- 
erage, sewage pumping works, sewage treatment or disposal works. Such charges shall 
constitute a lien upon the property sewered by such connection and if not paid when 
due shall be collected in the same manner as other city and village taxes. 

This fund shall be used for the payment of the cost of management, maintenance, 
operation and repair of the sewerage system and sewage pumping, treatment and dis- 
posal works, and any surplus in such fund may be used for the enlargement or re- 
placement of the same and for the payment of the interest on any debt incurred for the 
construction of such sewerage system and sewage pumping, treatment and disposal 
works, and for the creation of a sinking fund for the payment of such debt, but shall 
not be used for the expansion of a sewerage system to serve unsewered areas or for any 
other purchase whatsoever. 

Other provisions of the Act designate what officials shall be responsi- 
ble for the administration of the law, when and with whom the funds 
shall be deposited, and that it may be spent only when appropriated by 
the council and upon the order of the director of public service of a city 
or the board of trustees of public affairs of a village. 


Tue Puan DeEvELOPS 


Sewerage works are past the convenience stage. Recreation, health, 
and conservation in all its phases demand that all waters, after they 
have been turned to waste, shall be disposed of without complaint from 
anyone, just as the public demands a pure and wholesome water supply 
for its general use. If a water works is to be considered a public 
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utility, and it is generally conceded to be one, then its ‘‘poor relation,’’ 
the sewage treatment plant, must be one too. If the water works can 
be made self-supporting by a schedule of rates, is it not logical to con- 
clude that it is just as necessary to provide similar funds to remove the 
used water from our premises as it is to bring pure water into them? 
The sewer rental laws adopted by the various states recognize this con- 
sideration of the question. 

The idea is not new. The City of Brockton, Mass., had been making 
and collecting such charges successfully since 1894. The general use of 
the law has developed slowly but it seems to have passed from the 
experimental stage. The demand for some legal provision for par- 
ticipating in Federal aid projects has caused several states to pass 
enabling acts which permit a sewer rental charge to place the project 
on a self-liquidating basis. The construction of some plants has been 
financed entirely from mortgage revenue bonds to be retired from the 
charges assessed for the use of the sewers and treatment plant. This 
plan usually results in a high rental charge. It has been reported in 
Public Works that there are now 34 states which have enabling acts 
and that cities in 9 of the 13 remaining states which have no enabling 
act, are successfully charging and collecting sewer rentals either 
through special charter provisions or through their interpretation of 
the general state laws. 

This municipal publication sent a questionnaire in 1936 to every city 
which was known to have a sewage treatment plant and approximately 
2,000 answers were returned. These answers showed that only 167 
cities out of the 1,128 reporting from the states with enabling acts were 
using the sewer rental laws available. These cities ranged in popula- 
tion from 480,000 to only 179 inhabitants. This report would indicate 
that relatively few of the cities reporting were taking advantage of the 
state laws permitting the charging of sewer rentals as a method of 
financing improvements to the sewerage systems and to provide more 
adequate treatment of these municipal wastes. A more recent review 
of sewage rental practice has been completed by the Portland Cement 
Association and reported in the Dee. 1, issue of the Engineering News- 
Record. A comparison of this report with the report made in the 
‘*Municipal Index,’’ 1938 Edition, on data collected in 1937, indicates 
that there has been a decided increase in the adoption of this method 
of financing, notably in the larger cities. Cleveland and Columbus, 
Ohio, and Buffalo, New York, are good examples. 


Basis oF CHARGES 


Sewer service charges have been collected on a great variety of 
bases and established rate schedules have been set up so that they cover: 
(1) the fixed charges on the construction of the collection system and 
treatment plant and also their operation and maintenance expense, (2) 
the fixed charges on the construction of the treatment plant and the 
operation and maintenance of the plant and collection system, with the 
construction cost of the collection system paid from general taxation, 
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and (3) the operation and maintenance cost of the collection system and 
treatment plant. In every case the rates include the administrative 
and collection costs. While the statutes may permit the inclusion of 
all fixed charges and operation and maintenance costs in the basis for 
a rate schedule, it is generally agreed that every sewerage system is a 
benefit to the health of the whole community, that it likely serves areas 
not now developed, that it will be paid for before its design capacity is 
reached, and that its useful life should extend into the future beyond the 
life span of present users. Therefore, it is unfair to charge to the 
present users the cost of the fixed charges incurred in the construction. 
It is also agreed that any owner is benefitted by the sewer laid by his 
land and that he must be benefitted by having it maintained in an oper- 
ating condition. A sewer rental charge against his property is, then, a 
just and equitable charge. While there is a general agreement that the 
amount of water used, with allowances for that not returned to the 
sanitary sewers, is a reasonably accurate base for the payment for the 
use of sewers and treatment works, there is a wide variety of methods 
in use, as indicated by the following reports: 


A study made by the City of Minneapolis showed 18 different meth- 
ods in use as a basis of charges, one-half depending partly or entirely 
on the amount of water used and one-half depending on factors inde- 
pendent of the amount of water. 

The 1938 Public Works Engineer’s yearbook reported a recent study 
of over 125 towns and cities in 22 states, which showed that 22 towns 
and cities had a uniform annual flat rate per connection varying from 
$1 to $12, 16 towns and cities based the charge on a per cent of the 
water revenues and these varied from 10 to 100 per cent, 30 towns and 
cities had a flat or graduated seale based on the volume of water used, 
one city had the charge based on the biochemical oxygen demand, 7 cities 
had the charge based on the type of sewer connection, three on the type 
of buildings, and over 50 upon the number of plumbing fixtures or out- 
lets, and in some of these cities there was a different charge for dit- 
ferent types of fixtures, with minimum charges ranging from $2 to $8 
per annum. 

The report of a survey of sewer rental practices made by the Port- 
land Cement Association (Public Works, Dee., 1938) covering 92 mu- 
nicipalities shows that the rate basis employed in 35 cities was the 
amount of water consumption and that this was modified in 8 others. 
Among these modifications were: Water consumption for commercial 
use and flat rate for residences, sewer rate combined with water rate, 
water consumption to the extent that it discharges into the sewers, 
water consumption plus a flat rate and connection charge, and a rate 
based on winter month consumption. The flat rate was used in 29 
cases, the number of fixtures was used in 18 eases, and others used 
special devices such as 55 per cent by water consumption and 45 per 
cent against real estate. This report covered cities in 17 states rang- 
ing in size from Buffalo, N. Y., with 560,000 population to Lawrence, 
Neb., with 528. Fifty-two were under 10,000 population. 
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The volume feature may become more important with the installa- 
tion of air-conditioning units. This uncontaminated water should not 
be permitted in the sanitary sewers but its discharge into existing storm 
sewers may severely overtax their capacity. Should not consideration 
be given to charging for the discharge of such waters, from whatever 
source, into the storm sewer system of a municipality the same as for 
the discharge of sanitary sewage into the sanitary sewers? 

It is apparent from these reports that no set rules can be applied 
in choosing a basis for charges. Each municipality will have its local 
problems and the method chosen must not only suit these conditions but 
it must provide an adequate revenue to meet the charges against it, 
administrative and collection expense must be held to a minimum, and 
the cost to all uses, both domestic and commercial, must be as fair as 
possible. 

In considering the reports previously referred to it must be con- 
sidered that they are based on the answers to questionnaires, and how 
many really consider such a request very seriously? While these re- 
ports indicate that there are relatively few municipalities making use 
of this method of financing sewerage systems and sewage treatment 
works, there are several hundred cities in the entire United States and 
over 200 in Texas alone. The experiences with the collection have 
been more favorable than anticipated. Of the cities reporting on the 
question of delinquencies in the Portland Cement Association report, 
9 reported ‘‘none,’’ 11 ‘‘very small,’’ 14 others less than 5 per cent, 
and only 3 over 10 per cent. Dayton, Ohio, with 48,500 accounts re- 
cently reported less than one-half of 1 per cent of its accounts to be 
delinquent. The answers in this report regarding protests against the 
charge would indicate that the question of protests is more imaginary 
than real, for of the 92 municipalities reporting, only 6 noted more or 
less serious protests, 4 protested at first, 10 filed slight protests, and 12 
reported no protests of any kind. In the Municipal Sanitation Round 
Table (Sept. and Oct., 1936) these questions were asked: 


1. Do you use sewer rentals for financing the maintenance and 
operation of sewers and sewage treatment works? 

2. Do you feel that this method of financing would provide more 
adequate funds for your services? 

3. How would your residents react to such a tax? 


Only 6 of the 31 replies came from municipalities using the sewer 
rental and of these 6 only 1 reported an unfavorable reaction and this 
answer stated that the reaction was passing. However, 11 not using 
the plan, thought that the public reaction would be unfavorable. Fif- 
teen of those reporting thought that if they were using the plan that 
more adequate funds would be available and 2 thought the opposite. 

The same publication in the Dec., 1937, issue asked these questions 
in the Round Table Discussion: 


1. How do you finance sewer and sewage works operation and main- 
tenance? 
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2. If the sewer rental method is used, has the plan met with public 
approval? 


There were 38 answers to these questions; 26 used the sewer rental 
plan, 8 used taxes, 2 billed water and sewer services as a water bill, 1 
just added 50 cents a month to the water bill, and 1 used taxes for 
sewers and the sewer rental for the treatment plant. There were, then, 
really 30 using the plan. Twenty-six reported the plan entirely satis- 
factory, one questioned the adequacy of the plan, one reported not quite 
enough funds. The most critical statement was, ‘‘the plan was not 
100 per cent approved.”’ 


ADVANTAGES OF THE PLAN 


The plan will provide funds for construction when other sources of 
funds are exhausted. Municipalities in practically all states are limited 
to a certain bonded debt and total taxes which may be assessed. These 
limits have obstructed the orders of state health departments in requir- 
ing the construction of sewage treatment facilities to correct pollutional 
nuisances. The use of the sewer rental laws makes it possible to finance 
such improvements outside legal limitations of bonded debt and taxes. 
Bonds issued under the sewer rental law are not a general obligation 
of the municipality and are not counted against its debt limitations. 
The law is flexible enough to provide an equitable and moderate method 
of financing for any city which really wants sewage disposal and also 
will provide the funds necessary for successful operation. 

The sewer rental plan should result in lower operation costs. <A 
large part of taxes is used to pay for the performance of special services 
—sewerage, street paving, cleaning and lighting, refuse collection, fire 
and police protection, and others. If our taxes were used only for the 
expenses of government proper, they could be materially reduced. But 
how would we pay for these special services? The answer is to recog- 
nize them as a utility and charge for the service in the same manner 
that gas, electricity, telephone, and water services are charged. As has 
already been pointed out, the laws of 35 states now permit such charges 
and changes in a few state laws would permit all to do so. It might be 
argued that the gross total of all utilities rates and taxes for govern- 
mental uses might be no less than under the present plans of operation, 
but the writer believes that the proportion paid as utility rates would 
generally be paid with less protest, should it total no less than the 
taxes, and that there are possibilities of the total being less. If the 
manager of the utility knew that his failure to operate it economically 
meant an increase in rates to all the citizens, instead of an increased 
allowance by a budget committee, he would likely to be more careful 
about his expenditures. It is also economical because it is a ‘‘pay-as- 
you-go”’ plan. 

The plan will furnish adequate funds, and provide them continu- 
ously. Not much argument can be presented against any plan which 
will make it possible for the plant superintendent to be sure there are 
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always funds available. He can plan his operations so that major 
expenditures can be spread over a period of years and feel sure that 
such plans can be economically carried out, without competition from 
more popular budget items than sewage disposal, or entire deletion by 
economy cuts of disinterested budget officials. The superintendent sup- 
plied continuously with adequate funds can maintain his plant in an 
efficient condition and thereby avoid waste of public property. There 
will be no question about efficient operation, because the funds are avail- 
able for engaging trained operators and adequate labor. 

A well drawn sewer rental ordinance will provide a sense of security. 
Good operation will avoid the danger of lawsuits because of pollution 
from the discharge of untreated sewage or other nuisance which might 
result under conditions of bad operation. The law provides that ‘‘sur- 
plus funds may be used for the enlargement or replacement of present 
works, ete.,’’ and that the funds shall not be used for any other purpose 
whatsoever.’’ The honest administrator of such a fund may aceumu- 
late a surplus for some specific purpose or to care for an emergency 
expenditure. 

The Dayton situation illustrates this point well. The primary treat- 
ment plant was approved by the State Board of Health, for construction 
in 1928, with the provision that secondary treatment devices should be 
planned for by 1935. With this provision in mind, annual surpluses in 
the fund were allowed to accumulate, with the result that in 1936 this 
surplus exceeded $100,000. This was the nest-egg which made possible 
a Federal W.P.A. grant of sufficient funds to construct, during the past 
three years, a secondary treatment plant costing $1,350,000, and the 
fund balance is still almost $100,000. And again, when the recent dis- 
astrous gas explosion wrecked the Imhoff tank pipe gallery and control 
houses, the funds were available to carry on the reconstruction without 
resorting to some scheme of financing which might have caused delay 
in the work. 

Excessive administrative and collection costs are not necessary for 
the collection of the funds. If the charge is based on the amount of 
water used, the machinery for billing and collecting the fund will al- 
ready be set up and only require expanding to serve both utilities. The 
Dayton Ordinance, covering 48,500 accounts, was put into effect by the 
installation of mechanical billing equipment and the addition of one 
clerk in the billing division of the Department of Water. 

The law is just because it bases the charge for service on the user 
in proportion to the use he makes of the sewers serving his premises. 

The writer wishes to acknowledge and express his appreciation to 
the authors of the articles, and the publishers of the articles referred 
to in this paper and also to Mr. F. O. Eichelberger, City Manager, and 
Mr. W. W. Morehouse, Director of the Water Department, The City of 
Dayton, who permitted this absence from his municipal responsibilities. 
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LEGAL ASPECTS OF.STREAM POLLUTION * 


By James A. Tospry, Dr. P.H., LL.D. 
Member of the New York Bar, Author of ‘‘ Public Health Law’’ 


Stream pollution has been a legal problem virtually since the be- 
ginning of civilization. It was recognized as such in the civil law and 
in the common law, and there is now a vast American jurisprudence on 
the subject. 

Important as are legal measures and the application of legal prin- 
ciples to the control of stream pollution, they are no more significant 
than are proper administrative procedures, competent technical de- 
velopments, effective public education, and adequate financial provi- 
sions. All of these factors are interrelated, and all are necessary ele- 
ments in the successful solution of this public health problem. 

Legal doctrines regarding stream pollution are now well established 
in this country. On the one hand, they involve the power and duty of 
the State to protect and preserve the health of its citizens, while on the 
other they are concerned with the rights and responsibilities of individ- 
uals with respect to the use of waters and water courses. 


StrEAM PoLLUTION AS A NUISANCE 


At common law, every riparian owner was entitled to a reasonable 
use of water flowing by or through his property in a natural stream. 
He did not own the water, but the use of it was a prerequisite of his 
ownership of the land or soil. The riparian owner was entitled, further, 
to have the stream come to him with its quantity undiminished and its 
quality unimpaired. This right was subject, however, to the reasonable 
use of the water by riparian owners above him. 

This general rule of law still holds good. It means simply that the 
use of a stream by each person must be consistent with the rights of 
others. These rights have been expressed in two ancient legal maxims, 
sic utere tuo non alienum laedas (‘‘so use your own as not to injure an- 
other’s’’), and aqua currit et debet currere, ut currere solebat (‘‘water 
flows and ought to flow as it has been accustomed to flow’’). 

A material alteration in the quality of a stream by pollution with 
sewage, industrial wastes, or other noxious or unwholesome matter is 
not a reasonable and proper use of it. Such pollution constitutes a 
nuisance, for which there are remedies in law and equity. The person 
whose private rights have been infringed in this way may sue at law 
for damages, or seek to have the continuance of the nuisance enjoined 


* Presented at the Eleventh Annual Meeting of the New York State Sewage Works As- 
sociation, New York City, Jan. 20, 1939. 
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by a court of equity. The equitable remedy of injunction affords relief 
where the legal remedy of damages fails to give permanent and satis- 
factory relief. 

The perpetrator of the nuisance may be an individual, a private 
industrial corporation, or a municipal corporation, against each of 
which the injured person has a proper cause of action in cases of gross 
or unreasonable pollution. Ordinary draining of surface water into a 
stream is generally regarded as a proper use of it, but the discharge of 
sewage and waste by artificial means into a watercourse is usually held 
to be an immoderate and illegal use of the stream. 

The fact that a manufacturer who pollutes a stream is engaged in 
an important industry representing a large investment does not excuse 
him from liability for injuries to individuals, no matter how humble. 
At one time the courts of Pennsylvania espoused the principle that coal 
mining in that state was an industry so necessary to the general welfare 
that persons who were damaged by mine wastes in streams must suffer 
the injury without compensation. This peculiar doctrine was not fol- 
lowed by the courts in most of the other states, and finally was more or 
less repudiated in Pennsylvania. In this state, as in all other states, 
pollution of streams by sewage is held to be a public nuisance, dangerous 
to the public health. 

Where an individual, whether a natural person or a corporation, 
commits the nuisance of fouling a stream, the fact that others are also 
polluting it will not excuse the individual, although the fact might 
mitigate the amount of damages assessed in a lawsuit. 

Liability for such a nuisance does not cease or diminish with the 
passage of time, for no one can obtain a prescriptive right to cause a 
nuisance of this character. Custom never sanctions the doing of that 
which is a legal wrong. The right of harmless pollution of a stream 
may sometimes be obtained by prescription, but not the right of harm- 
ful pollution. 


Liapiuity oF MunictepaL CoRPORATIONS 


A municipal corporation, such as a city or incorporated town or 
village, is in general liable for the creation and maintenance of a nui- 
sanee in the same manner and to the same degree that an individual is 








liable. 

While the construction and institution of a sewerage system is gen- 
erally held to be a governmental function of a municipal corporation, 
the operation of sewage works and the disposal of sewage is not a gov- 
ernmental but a proprietary or corporate function of the municipality. 
In the conduct of its governmental duties, a municipal corporation is 
never liable for damages due to the improper acts of its officers and 
employees, but it may be liable for injuries arising out of the exercise 
of its corporate or business operations. 

The protection of water supplies to prevent contamination and to 
conserve the public health is a governmental duty, but the furnishing 
of water for domestic consumption is a proprietary function. Thus, if 
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municipal employees drive cattle from a watershed, the city will not 
be liable for injuries to them, as a rule, but if a municipal water supply 
becomes contaminated with sewage due to the negligence of the munici- 
pal officials, the city will be liable for all cases of disease which are 
actually caused by this water supply. The same principle applies to 
private water companies. 

Neither a municipal corporation nor a private water company is a 
guarantor of the purity of the water that it furnishes to consumers, 
and there is no implied warranty that the water is pure, as there is in 
the case of the sale of food. On the other hand, the city or company 
must use all reasonable precautions to prevent dangerous contamina- 
tion of its water supply, and will be liable for injuries if it knowingly 
furnishes impure or unwholesome water to a consumer who is unaware 
of the danger. The city or water company is also liable for negligence 
in supplying impure water, provided that there is no contributory 
negligence on the part of the consumer. 

The rule that a municipal corporation is liable to individuals for 
the nuisance of stream pollution and for injuries caused by the im- 
proper or unsafe disposal of sewage has been sustained by courts of 
last resort in this country on numerous occasions. 

The only exception to this rule is in the case of the discharge of 
sewage into tidal waters. Since the state and its political subdivisions, 
such as cities, have the right to dispose of untreated or treated sewage 
in tidal waters, it has been held that a city is not liable for damages to 
growers of shellfish or others injured by this practice, in the absence 
of legislation imposing such liability. 

Where private parties drain sewage and industrial waste into pub- 
lie sewers or a sewerage system owned and operated by a municipal 
corporation, they are, in general, not liable for damages caused by the 
improper disposal of the sewage effluent. The municipality is liable 
in such eases, although there might be instances in which a large in- 
dustrial concern has made an unreasonable use of a small sewerage 
system, and could be held to be liable, in part at least, for the ultimate 
damage to others. Where a city and a manufacturing plant each dis- 
charge sewage and wastes into a creek, they may be held independently, 
but not jointly, liable for resulting injuries to individuals. Whoever 
exercises the power of control over the discharge of sewage is the one 
who is liable for harm resulting from it. 

In determining the question of negligence in the operation of a 
sewage disposal system or a waterworks, the negligence can usually be 
presumed if violation of a state law or a municipal ordinance can be 
shown. This principle applies equally to individuals, corporations, and 
municipalities. 


LEGISLATIVE ConTROL OF STREAM POLLUTION 


If there were no legislation pertaining to stream pollution, the com- 
mon law rules would provide ample legal redress for this nuisance. 
Not only is there the legal remedy of damages for injuries due to pollu- 
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tion, but there is the equitable remedy of injunction to prevent the con- 
tinuance of the nuisance and even to enjoin a potential nuisance from 
this souree. As a rule, however, the common law remedies are chiefly 
effective in dealing with stream pollution after it has become a fact. 

Legislation, on the other hand, can be preventive in nature. Stat- 
utes ean prohibit the pollution of streams and fix a penalty for this 
practice, which is usually stated by law to be a crime. By means of 
legislative enactments, administrative machinery is also created for 
the determination of this nuisance and for coping with the problem. 
The existence of legislation is, likewise, an incentive to municipal bodies 
to make appropriations for proper sewage disposal. Legislation is, 
therefore, a necessary supplement to the unwritten, or common law, 
that is now applicable to stream pollution. 

Laws for the control of stream pollution are in force in every state. 
Such laws represent a valid exercise of the police power of the state, 
since they are enacted in the interests of the health, safety, comfort, 
and general welfare of the people. In dealing with these topies, legis- 
latures possess plenary powers, which are subject only to certain con- 
stitutional limitations. 

Statutes providing for the reasonable control of stream pollution, 
and imposing obligations and duties in this respect upon individuals 
and municipal corporations, have been frequently sustained by courts 
of last resort in this country. 

Under its police power, the State may properly delegate to state and 
local health departments or other agencies certain necessary duties in 
connection with the enforcement of laws for the control of stream pollu- 
tion. Having adopted broad legislation, the state may confer upon 
boards of health the power to promulgate rules and regulations to carry 
out the purposes of the legislative act. Such rules and regulations are 
not legislation, but they have the foree and effect of law, and must be 
obeyed by all persons affected thereby. 

So, too, the legislature may vest in an administrative board or 
ministerial official the power to determine the fact of stream pollution 
and to order its abatement, or actually to abate it according to law. In 
executing these laws, administrative officials must, however, adhere 
strictly to the terms of the law. Certain discretionary powers may be 
viven to these officials, but other procedures may be definitely fixed and 
must be followed. 

The state legislature may properly require that sewage disposal 
plants and waterworks be operated only by qualified persons who have 
been licensed by a competent state authority. The power of the state 
to restrict the practice of certain professions and the conduct of certain 
trades to those who are properly qualified by education, experience, and 
moral standards is now well established. Engineering and architecture 
are among the professions now generally subject to licensing in many 
states. In New York, the Public Health Council of the State Depart- 
ment of Health is given the power by law to prescribe qualifications for 
operators of public sewage disposal plants and water purification plants. 











The control of stream pollution is primarily a state responsibility. 
The federal government is concerned with stream pollution only as it 
affects navigation in the navigable waters over which it has jurisdiction, 
or when interstate commerce is affected. The federal government is, 
however, keenly interested in this problem, and has made loans or 
grants of federal funds to assist municipalities in providing adequate 
facilities for the safe disposal of sewage. The Congress of the United 
States has also given its consent to various interstate compacts for the 
control of stream pollution where the interests of two or more states 
are concerned. 


CONCLUSIONS 


From this brief review of the legal aspects of stream pollution, it is 
obvious that the law on this subject is well established, and that the 
existing legal principles are adequate to take care of this phase of the 
problem. 

The statutory law on the subject is likewise comprehensive, valid, 
and enforceable, although possibly in need of a certain degree of ex- 
pansion and uniformity, which will, nevertheless, still permit of neces- 
sary adaptation to local conditions. 

Law enforcement is, of course, an essential element in the conquest 
of stream pollution. Vigorous and forthright action by executive de- 
partments, especially in dealing with recalcitrant municipal corpora- 
tions under existing laws, will gradually but surely bring about an 
improvement in the sanitary conditions of our streams and water sup- 
plies. 

As stated at the beginning, however, law is but the background and 
solid foundation for the solution of this important public health prob- 
lem. Of equal significance are the administrative, economic, and soci- 
ological aspects of the problem. 
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TREATMENT OF BREWERY WASTES 


By Rateu J. BusHEeE 


Formerly with Gulf Brewing Company, Now with Chas. W. Cole, Consulting Engineer, Fort 
Wayne, Ind. 


INTRODUCTION 


The Gulf Brewing Company of Houston, Texas, is located on the 
75-aere tract of the Hughes Tool Company, makers of oil drilling tools, 
and is closely affiliated with the latter company through ownership and 
management. The industrial wastes from the two companies flow into 
a small stream known as the Country Club Bayou, about two miles above 
its junction with Bray’s Bayou, a much larger stream. Gagings of the 
Country Club Bayou show that the normal dry weather flow is about 
9.2 M.G.D., of which about 1.0 M.G.D. is clean cooling water from the 
Hughes Tool Company and 0.6 M.G.D. is wastes from the brewery. 
The Country Club Bayou is polluted by storm and other overflows from 
the city sewers above the brewery and from septic tank outlets below it. 
The time of flow to Bray’s Bayou during the dry period was found by 
a dye test to be about ten hours. 

Vigorous complaints have been made concerning the odors from the 
Country Club Bayou during the summer months. It was apparent that 
the brewery wastes could not be handled by the City of Houston’s over- 
loaded treatment plants, and it appeared probable that this condition 
might exist for some time. Consideration was also given to the possi- 
ble harmful effects of a brewery waste on the activated sludge process at 
these plants. As a consequence, it was necessary that the brewery 
take care of its own wastes. An investigation into the possible meth- 
ods of treatment was started in the summer of 1937. 


Sources oF WASTES 


Diagram 1 is a flow sheet of the brewery processes and shows the 
wastes produced from the different steps. Jor convenience of opera- 
tion the brewery is divided into three sections ; namely, the brew house, 
the cellars, and the bottling and keg plant. 

Brew House.—In the brew house the malt and rice are boiled sepa- 
rately in kettles with mechanical agitation. The mash is removed by 
pumping the liquors through a plate-and-frame press, and the filtered 
liquors are joined in the brewing kettle. Here the hops are added and 
the mixture boiled for several hours. The wort then passes through 
the ‘‘hop jacks’’ where the hops are removed by centrifugal action. 
The liquor is pumped to a storage or balancing tank at the top of the 
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While the next batch is brewing, the hot liquor from the 


storage tanks flows by gravity through cooling coils to the cellars using 
first well water and then brine for cooling. 

The spent grain from the plate-and-frame press is dropped into a 
screw conveyor and conveyed to a storage bin outside the building. 
Through a gate in the conveyor most of the liquor is removed from the 
grain and flows into a tank. This tank is emptied to the sewer at a more 
or less uniform rate through a small pipe overflow. 


is sold for eattle food. 


The spent grain 


The spent hops are blown by steam to a bin where they are allowed 
to drain, the drainage flowing through a small settling tank to the sewer. 
No use has yet been found for the spent hops and its disposal is some- 


what troublesome. 


Besides the drainage from the spent hops and spent grain other 
sources of waste are from the filter cloths, which are washed in a wash- 


DriaGraM I.—Gulf Brewing Company Flow Sheet 


Flow 
Rice-water Malt-water 
Rice kettle Malt kettle’ 
Plate and frame filter 

(Spent grain-cattle feed) 


Brew kettle... .. 
Hop jack (Spent hops) 


Balancing tank. . 
Cooling coils. . . 
Fermenting vats 
Yeast filter... . 
Storage tanks.... 
[OO es eee 
Bottling. ... 


Process 


Boiled 4.5 hours. . 


.Grain removed. 


. Boiled 4.5 hours. . 


Remove hops 


Equalize flow to coolers 
Cool wort ite 
Fermented 10 days..... 


Remove yeast... 


.Stored 3 months...... 


Remove solids 
Bottles washed in machine. 


.Drainage from 


. Wash water. 


Wastes 
Wash water 
grain. 


Filter cloth wash water 
Lye waste 


. Drainage from hops. 


Wash water 


.. Wash water 

..Clean cooling water 
.Skimmings. Wash water 
.Filter cloth wash water 


Wash water 


.Filter cloth wash water 


Wash water. Lye waste 





ere: Wash water. 
OT SE COS ae an ee a Spillage 


Kegs washed..... 
Pasteurizing... 


ing machine after each use, and from water used to wash the cookers, 
brew kettle, balancing tank and the various pipe lines. 

The brew house has a capacity of five brews per day. Each brew 
produces 300 standard barrels of beer of 31 gallons each. A brew re- 
quires about 4.5 hours. The rest of the 24-hour day is occupied with a 
thorough scrubbing of the apparatus. <A strong lye solution is used to 
scrub the copper kettle. The wastes from the brew house are warm. 
The well water supply is fairly warm, perhaps 75 to 85 degrees F., and 
further heating occurs from the boiling hot materials of the kettles. 
About 100,000 gallons of water per day from the brew house is hot clean 
water from the heat exchanger. If found desirable at some future date 


this water could be separated from the rest of the wastes. 

The Cellars—tThe cold wort passes to the steel fermenting vats in 
the cellars, where the yeast is added and fermentation continues for ten 
days at 39° F. 
thrown on the conerete floor and washed to the sewer. 


Every day the vats are skimmed and the skimmines 
After the fer- 
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mentation is finished the beer is filtered through a plate-and-frame filter 
to remove yeast, and goes to storage tanks where it is stored under pres- 
sure for three months at 34° F. It is then filtered again and pumped to 
the bottling plant. Excess yeast is removed from the fermenting vats 
by means of hand carts. 

Sources of liquor wastes from the cellars are, the skimmings from 
the fermenting vats and water used to wash filter cloths, lines, vats and 
tanks. The wastes are quite cold. 

Bottling and Keg Plant.—Bottled beer is preferred in this part of 
the country, so 90 per cent of the beer from this brewery is bottled. 
The returned bottles contain a small amount of beer. In the bottle 
washing machine they are first rinsed and then pass successively 
through a 2 per cent, a 4 per cent and a 2 per cent solution of soda ash, 
followed by about six rinsings and brushings. 

The bottles go next to the filling and capping machines and thence 
through the pasteurizers, which wash off the small amount of beer that 
overflows during the filling. Labelling and placing the bottles in cases 
completes the process. 

The caustic bottle wash solutions are removed and settled every day 
to get rid of labels and dirt. Every two weeks the solution is dumped 
and renewed. Wastes from the bottling plant consist of wash water 
from the bottle washers, spillage and breakage and water used for floor 
washing and cleaning. The amount of wastes from the keg washing 
is quite small. These wastes are fairly warm. 


AmounNT OF WASTES 


During the operation of the pilot plant, a careful study was made 
of the amount of wastes from the brewery. The flow was measured by 
a weir, readings being taken every 15 minutes throughout the 24 hours. 
Samples were taken every 30 minutes. During the period from Jan. 
14 to Feb. 18, 1938, the brewery was operating at capacity for five days 
per week, with two brews on Saturday and one on Sunday. Average 
results for this period are shown in Table I. 


TaBLE I.—Amount of Wastes From Brewery 




















Average, omittin : 
Average tat: soak Gane 8 Maximum Day 
{eh ae, is Ch. 0 earn ae rere 0.48 0.53 0.68 
24-Hr, BOW PyeMmie. 2.2. 65. 340 334 740 
24-Hr. B.O.D., lb./day........ 1375 1485 3220 
Suspended Solids, p.p.m....... 371 368 1325 
Suspended Solids, lb./day...... 1478 1630 4810 





The brewery was operating at a high rate for winter at the time of 
the test. Normally the rate of operation varies from the capacity of 
35 brews per week during the hot weather to as low as 30 per cent of 
‘apacity during the winter. The yearly average is about 70 per cent 
of capacity. 
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Throughout the investigation, 24-hour B.O.D.s were used. It was 
realized that these are not as consistent as 5-day B.O.D.s, but there was 
a great advantage in being able to follow the operation of the pilot 
plant more closely. Also in this particular case we were principally 
concerned with the stability of the effluent for ten hours after it leaves 
the plant, and it was thought that this requirement would correspond 
more closely with 24-hour B.O.D.s than those for a longer period. <A 
careful check on the relationship between the 2 and 5-day B.O.D.s 
indicated that the former was 0.42 of the latter instead of 0.31 as would 
be expected from Phelps formula. 

Using this factor we find that the average weekday strength of the 
waste is 795 p.p.m. 5-day B.O.D. or a total of 3540 pounds per day. 
Allowing .17 pounds 5-day B.O.D. per capita per day, the total popula- 
tion equivalent of the brewery is 21,000 or about 14 persons per 31-gal- 
lon barrel of beer. For each barrel of beer there was approximately 
350 gallons of waste containing 1.1 pounds of suspended solids. These 
losses are in about the same range as those reported by Mohlman.’ 


DrEGREE OF TREATMENT NECESSARY 


An ordinance of the City of Houston requires that wastes dumped 
into the bayous ‘‘shall be free from matter that will settle in the bottom 
of the channel, from all floating matter, and from any matter that can 
putrefy and cause offensive odors,’’ providing as a test for meeting the 
last requirement that the waste shall have a methylene blue stability of 
40 hours at 37° C. To meet this standard would require a very high 
degree of treatment for the strong wastes involved, estimated as high 
as 98 per cent; which is of course not practical. However the city agreed 
to consider the wastes from the Hughes industries as a unit, and this 
standard was met with the pilot plant effluent when the plant was 
operating at or below the rates finally adopted for the design. 


CHEMICAL TREATMENT 


Chemical treatment of the wastes was given serious consideration. 
Spent lime was available from acetylene generators and steel turnings 
for ferric salts generators. Lower first cost, conservation of land, and 
freedom from possible odors also recommended this type of treatment. 
However, after extensive laboratory tests, using flocculation, chemical 
treatment was abandoned for the following reasons: 


(1) The degree of treatment was not satisfactory. The B.O.D. of 
the wastes could be reduced only between 55 and 75 per cent. 

(2) The results obtained were erratic—probably due to the varying 
nature of the wastes. 

(3) A large volume of sludge was produced. 

(4) This sludge filtered very slowly on a vacuum filter, and no 
chemical treatment was found which would make more than a slight 
improvement on the filtering rate. 
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The above tests were made with a small model flocculator and set- 
} tling tank set up at the outfall of the brewery. The tests were run over 


periods of about 5 hours each, except the last two, which were for 2% 

hours each. Flocculation was for 15 minutes and settling one hour. 
5 

Samples taken every 15 minutes. 


TABLE II.—Results of Chemical Treatment 

















| pH Chemicals Added, 1-day B.O.D., Sludge 
Ibs./1000 gals. P.p.m. 
Date | : 
1937 | eA ee 
Int. | Eff. | FeSO.) | Al(SO.); |Ca(OH).| Inf. | Ea. |i oe poring 

8/2 8.1 ay 3.6 — — 435 90 0.58 56 
8/3 8.4 6.2 -- 3.3 — —_ — 1.05 54 
8/5 8.2 8.9 3.4 a 32 670 105 Bir 66 
8/9 8.4 9.3 — 2.4 ot 473 219 2.93 53 
8/13 tok 10.6 — — 4.7 647 211 — — 
8/13 8.1 10.1 4.0 — 4.1 387 176 — — 
































It required between 16 and 33 minutes to filter 500 cc. of sludge 
with a 9.5 em. Buchner funnel between the start and the time that 
the eake eracked. Various combinations of lime and ferric chloride 
were used with little effect in the filtering rates. 


Pinot Puant—Trickune FILTER 





A pilot plant was built near the outfall of the brewery sewer and 


b except for a short shutdown at Christmas was operated continuously 
from Nov. 16, 1937, to April 2, 1938 (Fig. 1). An operator was in con- 


stant attendance throughout the 24 hours. Hand samples were taken 





d Fig. 1—Brewery wastes pilot plant. From right to left: primary tank for trickling 
filters, primary tank, three aeration tanks and final settling tank for Hays Process, trickling 
filters. Filter secondary tanks are behind the filters. 
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every half-hour and composited, and the amount of wastes from the 
brewery flowing over a weir was recorded every fifteen minutes. 

The trickling filter unit consisted of a preliminary settling tank, 
two filters, each 24 in. square and 6 ft. deep, and two final settling tanks. 
The settling tanks were made of 50-gallon oil drums with the bottoms 
removed and conical bottoms welded on. Each filter was dosed by 
means of a tipping bucket and a perforated plate for distributing the 
flow over the surface of the filter. The capacity of the tipping buckets 
was frequently checked and a counter on each bucket served as an 
accurate means of measuring the flow. Filter 1 was filled with stone 


Tas LE III.—Trickling Filters in Parallel—Weekly Average Results 




















| Primary Settling Tank | Trickling Filters 
| | — eon 
24 Hr. | Suspended 24 Hr. | Suspended | a 
| B.O.D. Solids B:O.D. Solids 
Date 1937-8 me - | . Fil- | oe | | Nl 
ter | | Total | Total | | ub. 


Eff. ne Gals. | B.O.D. 


| No. | gon, | Red., 


| 

| | 

| Inf., | Eft, | Inf. | Eft, | | 

| P.p.m.| P.p.m.| P.p.m.| P.p.m.| P.p.m.| Per 


Acre/| 1000 





P.p.m.| Per 
| Cent j Prond Day |Cu.Ft./ 
| | Day 
12-13 to 12-18 | 465 | 439 | 304 | 432 1 283 | 39.0 | 120 | 72.3} 3.01 | 42.1 
| | 2 | 296 | 36.3} 120 | 72.3 | 246} 344 
12-19 to 12-25| 272 | 309 | 217 | 252 1 | 219 | 194] 84 | 61.3 | 2.48 | 24.4 
| | 2 | 172 | 368] 78 | 63.0] 234! 23.0 
12-26 to 1-1 | 298 | 320 | 300 | 428 | 1 198 | 33.5 | 108 | 64.0 | 2.06 | 21.0 
| | | } 2 | 202 | 32.3) 86 | 71.4 | 1.86] 18.9 
1-2 to 1-8 | 268 | 250 | 256 | 143 1 | 101 | 62.3] 54 | 78.9 | 2.39 | 19.1 
| 2 | 103 | 61.5] 65 | 74.6 | 2.14 | 17.0 
1-9 to 1-15] 286 | 239 | 423 | 266 | 1 | 44 | 34.6 | 60 | 85.8 | 2.54 | 19.0 
| | | | 2 | 35 | 878| 72 | 830| 235] 17.6 
1-16 to 1-22) 443 | 425 | 357 | 432 1 | 223 | 49.6 | 133 | 62.7 | —y 32.4 
| | | 2 | 167 | 62.3] 89 | 74.4 | 2.12] 28.8 
1-23 to 1-26 403 | 256 | 123 | 183 | 1 | 118 | 708] 72 i | cal 18.5 
| | 2 | 79 | 80.4] 46 | 62.6] 1.81] 148 








between 2 in. and 3 in. in size and Filter 2 with stone between 1 in. and 
2 in. in size. 

Operating Results—Trickling Filter —From Nov. 16 to Dee. 8, 1937, 
the two filters were operated in parallel at the high rate of 6 million 
gallons per acre per day. As practically no reduction of the B.O.D. 
was obtained, the rate was dropped to 2 million gallons per acre. The 
weekly average results of operation at this rate are given in Table III. 
There was little difference in results between the two filters with the 
different size of stone when the loadings were the same. The results 
of operation are plotted in Fig. 1. 

From Jan. 27 to April 2, 1938, the two filters were operated in series, 
with settling between the two stages. The weekly average results are 
given in Table IV and are plotted for comparison with the results of the 
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TaB_e IV.—Trickling Filters in Series—Weekly Average Results 






























































Primary Settling Tank Trickling Filters 

24 Hr. B.O.D. Susp. Solids | 24 Hr. B.O.D.| Susp. Solids Loadings 
Date 1938 Lb 
Total Total eee 

. = es rals. | B.O.D. 

tt, | wa, | tnt, | ee, | me, |Rea,| Be, | Rea,| OM RORY 
2 . : - . Acre/| 1000 
P.p.m. | P.p.m. | P.p.m. | P.p.m. | P.p.m.| Per | P-p.m.| Per “ee 

: z Day | Cu.Ft./ 

Cent Cent 

Day 
1-30 to 2-5 ...| 748 281 299 248 63 91.5 61 79.6 | 3.60 16.0 
2-6 to 2-12...) 442 324 501 222 34 92.3 60 88.0 | 3.00 15.4 
2-13 to 2-19...| 341 244 295 191 17 94.9 84 71.6 | 3.15 12.3 
2-20 to 2-26...) 246 319 245 241 97 60.6 63 74.3 | 3.29 16.6 
2-27 to 3-5 ...| 379 347 293 247 199 47.5 77 73.¢ | 6.88 | 35.1 
3-6 to 3-12.. 534 350 473 245 138 74.1 112 76.3 | 6.12 | 34.0 
3-13 to 3-19...| 307 314 373 227 27 91.4 79 78.8 | 5.12 25.5 
3-20 to 3-26...) 471 414 322 276 42 90.7 80 75.2 | 3.47 22.5 
3-27 to 4-2 ...| 448 358 372 195 | 23 94.9 67 82.0 | 2.41 13.6 





parallel operation, in Fig. 2. It will be seen that the series operation 
of the filters gave much better results with the same B.O.D. loadings 
than did the parallel operation. The difference is more marked at the 
lower rates of loadings. 

In speculating as to why the results with the series operation were 
better than could be obtained from a single filter, it is useful to con- 
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sider the first and second stage filters as equivalent to the upper and 
lower half of the single stage filter, respectively, and to make a com- 
parison of the conditions existing with the two methods of operation. 
From this point of view the two-stage process would appear to have the 
following advantages which may have contributed to the better results. 

(1) Better Aeration.—Probably more air was drawn into the filters 
at the higher rates of dosage. For the same loading per cubic foot of 
filter medium, it is obvious that the two filters in series must be dosed 
at twice the rate in gallons per acre per day. There is also some aera- 
tion in the dosing process. 

(2) Longer Period of Contact.—It seems probable that the wastes 
were in contact with the stone for a longer period in trickling through 


100 
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TRICKLING FILTER-WORK DONE BY EACH STAGE IN SERIES OPERATION 


Fig. 3. 


a total depth of stone of 12 ft. at a high rate than through 6 ft. at half 
the rate. 

(3) A Smoothing Out Effect—tLevine, Nelson and Goresline * have 
shown that the quality of the effluent from a trickling filter varies 
markedly over the dosing cycle. With two filters in series the partly 
treated and easily oxidizable portion of the wastes from the first filter 
gets another chance in the second stage. The strength and character 
of the wastes vary almost from minute to minute. There should be a 
considerable smoothing out of these variations by the time the wastes 
reach the second filter and have passed through two wet wells, two 
settling tanks and the primary filter. 

(4) Removal of Solids—The removal of suspended solids brought 
down by the first stage may have made the remaining wastes easier 
to treat in the second stage. 
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For the last five weeks of the test B.O.D.s were made on the effluent 
from the first stage, thus making it possible to compare the work done 
by each stage. The results are plotted in Fig. 3. It will be seen that 
for the same loadings the first stage gives a greater reduction in the 
B.0O.D. This is of course to be expected as in all methods of treatment 
the remaining organic matter becomes progressively more difficult to 
remove. 

Table V gives the amount of sludge removed from the settling tanks 
and Table VI gives the suspended solids removals for the same period. 


TaBLE V.—A mount of Sludge from Trickling Filter Pilot Plant 

































































Gallons of Sludge Removed Per Cent 
Month | treated | p ne ee 
ate rimary | Secondary “ina , ' 
: : : Tots Solids ‘olatile 
Tank Tank Tank otal olid Volatile 
February .... 8,859 17 17 28 62 2.63 74.3 
Marech......} 13,350 40 79 90 209 2.74 (Ac 
0) eae 22,209 57 96 108 271 — — 
Average . ; — -- — — — 2.70 73.0 
Per Million Gallons of Wastes 
Gallons of Sludge........... Mit. anlepeee 
Pounds Dry Solids)...:........: age Bebe eactbe o 2,750 
Pounds V OMe SONGS .....655 seca. sas 2,000 
TaBLe VI.—Suspended Solids Removed by Trickling Filter Pilot Plant 
: aa bat el an ewe ee 
. ne Susp. Solids 
Suspended Solids, P.p.m. 
uspended Solids, P.p.m Siena 
Month | | , | 
ver Influent | Effluent | Removed Lb. per Mill. Gal. 
Total | Vol. Total Vol. | Total Vol. Total Vol. 
= oa - ) oe EE — —E — 
February as | ode | 252 66 53 267 199 2220 1660 
March....... 410 328 78 54 332 274 2760 2260 
Average...... | — — — — | —- -- 2560 2040 























Results of a test on the digestion of the sludge, are given in Table 
Vil andin Fig. 4. The sludge used for seeding was a well digested mix- 
ture of sludge from the brewery wastes which in turn had been seeded 
with digested sludge from the lagoons of the Houston activated sludge 
plant. The bottles were stored in the laboratory at room temperature, 
which averaged about 70° F. The drop in the gas production between 
the fourth and the eighth days was due to a period of cool weather 
when the laboratory temperature was low at night. 

It will be seen that the sludge digestion was almost completed in 20 
days. The digested sludge had the odor and appearance of that ob- 
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tained from domestic sewage. The nitrogen content of the sludge was 
high, between 7 and 8 per cent for the raw sludge and 3.6 per cent for 
the digested sludge. 


OTHER PROCESSES 


In connection with the trickling filter pilot plant a pilot plant was 
also built to test out a contact aeration process, called the Hays process. 


TaB_LE VII.—Trickling Filter nin Aslliaiheanee at Laboratory Temperature 

































































Per Cent Solids Wt. of Solids, Gm. 
: | Amount, 
Sample ei | 
, | Total | Vol./Total | Total | Vol. | Fixed 
Start 
Combined*........., 450 | 2.90 | 65.2 13.06 8.53 4.53. 
LS ee 300 | 3.12 60.3 9.37 5.65 3.42 
TODWicw. 2 -s | 150 2.46 8. 0 3.69 2.88 0.81 
Finish (32 Days Later) 
Combined...... 450 | #201 | 566 | 9.05 5.11 3.94 
ee 300 | 2.41 | 53.5 = 7.24 3.87 3.37 
Rawt.......... 150 | | 68.5 1.81 1.24 0.57 
Weight Lost 
Combined........... — | fo 401 3.42 0.59 
LS) are | - | : ao B13 1.78 0.35 
Rawt.... |} - | | -— | 1.88 1.64 | 0.24 
Per Cent Solids Digested Gas Produced, 32 Dayst 
Per Unit Vol. Solids Digested 
| a 

| Total ol | Potal, Liters 

| | Liters Cu.Ft. 

| | | per Gm. per Lb. 
Combined.......... 30.7. | 40.1 | 1.920 0.56 9.0 
MMI Oooo Sa 22.4 | 31.5 | 0.360 0.20 3.2 
ROWT......... 51.0 6.9 1.560 0.95 15.2 














* By addition. 

7 By difference. 

t 20-day gas production equals 94 per cent of 32-day gas production. 
The plant consisted of a primary settling tank, waste from a 55-gallon 
steel oil drum, and four aeration tanks and a final settling tank, each 
made from one and one-half drums. The aeration tanks had hopper 
bottoms with wooden grids, and were filled with gravel from 3 to 4 in. 
in size. Below the wooden grids were perforated pipes for the dif- 
fusion of the compressed air. The plant was in operation from Jan. 
14 to April 1, 1938 

The suspended solids removals were good with this process, although 
not quite so good as with the trickling filter, but the B.O.D. reductions 
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were low and very erratic. As a consequence it was decided that the 
process could not be made to obtain the degree of purification neces- 
sary for this type of waste without a considerable period of develop- 
ment, and it was abandoned because of lack of time. 

Chlorination.—The results of a series of tests indicated that the 
10-minute chlorine demand of the settled wastes was about 45 p.p.m. 
and that of the effluent from the trickling filter was 5 p.p.m. Since the 
total wastes amount to only 0.6 M.G.D. and the entire dry weather flow 
of the bayou above the junction with Bray’s Bayou is only 2.2 M.G.D., 
the chlorination of the entire flow of the bayou for odor control in the 
summer months, if necessary, will not require an excessive amount 
of chlorine. 
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DIGESTION OF SLUDGE FROM Brewery Wastes 
Fig. 4. 


TREATMENT PLANT 


On the basis of the above results a treatment plant was designed 
and built (Fig. 5) the plant consists of the following units: 

Pumping Station.—Two two-speed wet well type pumps, each in its 
separate wet well. Capacities each, low speed 600 g.p.m., high speed 
1200 g.p.m. Float control. 

Primary and Secondary Tanks.—Twin unit rectangular tanks each 
12 ft. by 42 ft. by 9 ft. water depth. Detention period 1.5 hours at 0.6 
M.G.D. Twin dosing tanks built on the ends of the settling tanks. 

Trickling Filters—Two circular filters each 100 ft. in diameter by 
6.5 ft. deep, with rotary distributors. Stone (gravel) 1 to 2 in. in 
diameter. Loading during summer months at the maximum rate of 
brewery operation, 12.8 lb. 24-hour B.O.D. per 1,000 cu. ft. of filter 
stone per 24 hours. 
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Final Settling Tank.—Rectangular, 17 ft. by 50 ft. by 7 ft. water 
depth. Rate, 650 gallons per sq. ft. per day at 0.6 M.G.D. 

Sludge Digestion Tank.—Cirecular, 32 ft. in diameter by 18 ft. deep. 
No provision for insulation or heating. Design based on a 30-day 
detention period during the summer months increasing to two or three 
times this period during the winter when the rate of operation of the 
brewery is low. Rating in pounds of sludge per cu. ft. of tank capacity 
per month, summer months, 3.4, yearly average, 2.3. 

Sludge Drying Beds.—Area, 5,080 sq. ft. Assumed 16.5 dryings 
per year. 

Space was left for a chlorinator if it becomes necessary for odor 
control or for sterilizing the water in the bayou. 





Fic. 5. Brewery wastes treatment plant nearing completion. In the middle are the 
primary and secondary settling tanks with dosing tanks on the end. In the front center is 
the final settling tank. At the extreme right and the left center are the two trickling filters. 
At the extreme left is the digestion tank with concrete still in the framework. The office and 
laboratory building is on top of the settling tanks. 


The entire plant was designed for extreme flexibility in operation. 
Kither pump can be used as the primary or secondary unit and either 
filter as the primary or secondary unit. The filters can be operated in 
parallel or series and recirculation of the wastes is possible for either 
or both stages up to the capacity of the pumps. 

Automatic samplers were installed for the plant influent and ef- 
fluent, the latter being designed to proportion the amount of sample to 
the flow. A recording flow meter was installed on the plant effluent. 
Laboratory facilities were provided for B.O.D. and solids determina- 
tions. 

Because of the mild climate no buildings were provided over the 
main pumps and the sludge pump, although it may be desirable to do 
this at a later date. 

The plant was built for the Gulf Brewery by the construction force 
of the Hughes Tool Company. 
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Operators’ Reports and Suggestions 
W. D. Hatrietp 





249 Linden Place, Decatur, III. 


LABORATORY STIRRERS 


Recently the editor of this section of The Journal wished to study 
the possibilities of chemical coagulation in conjunction with, or in place 
of, the pre-aeration treatment at Decatur, Ill., which process has been 
discontinued for the past two years because the sprinklng filters were 
able to earry the load without the additional cost. The pre-aeration plant 
therefore stands in readiness for future growth of the city or the in- 
dustries therein. Therefore chemical flocculation tests for Decatur 
sewage were only for future use and for temporary studies. 

The cost of a six-jar stirrer was quoted at $120 to $150, and although 
such a stirrer would be very nice for large chemical treatment plants, 
the expense was out of all proportion to the amount of use to which ] 
expected to put it. It was soon found that a real need exists for stir- 
rers in small plants or by plant superintendents who wish to experiment 
with chemical treatment for a few months and then put the stirring 
device in the attic or dismantle it entirely (or perhaps, after proving 
the value of the flocculator or stirrer to purchase one of the more ex- 
pensive commercially manufactured apparatus). 

A little investigation showed a number of types of such stirrers, 
each possessing certain advantages. Five of these are presented below 
with a few descriptive remarks so that anyone wishing to build a similar 
device could use these as a basis. 

In Fig. 1 is shown the Chicago Flocculator presented by EF. Hurwitz. | 
This might be called the individualized stirrer, in that each stirrer is in- 
dependent and may be operated or not, while the others are in operation, 
by plugging the individual motor stirrers into the line as shown in the 
drawing. The chief advantage of this stirrer is that it ean be made up 
from 1% ineh pipe and fittings as shown, each stirring device being a 
universal motor-reduction gear unit (Speedway Universal Motor-gear 
No 911W). The speed of all the units is controlled by a single rheostat 
in the power line. The cost estimate for a six-jar stirrer is given by 
Hurwitz as follows: 





6 Universal Motor-gear units (lots of 6 @ 5.55)............. $83.25 
1 switch. .. Seis et itive - .20 
6 outlet plugs Ses eager he ee hee 1.20 
1 rheostat 400 ohms (any radio store)..... a a 2a 
1 in. galv. pipe-fittings @ 10¢. .. : Secteetheu, qeoee 
14 in. galv. pipe, 25 ft. @ 15¢ 3.75 
Paddles from scrap iron. . no charge . Ie eee 

6 battery jars @ 60¢. oe iba ois ES coated 3.60 





Total 6-jar stirrer. . . ‘ Bt ey bidiesta oy agg MD 
308 
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Fig. 1.—The Chicago Stirrer. 


This stirrer is easy to make and the major cost exists in the number of 
motors necessary. I am inclined to think most people may find they 
have to pay some where around $3.00 for a rheostat of sufficient ca- 
pacity to control the 6 motors. 

The stirrer shown in Fig. 2 is one designed by L. A. Nalefski, Supt. 
Filtration, Water Department, Decatur, Illinois. In ein apparatus the 
six stirrers are operated by one of the little universal wound motor- 
gear units (No. 911W, Speedway Mfg. Co., Cicero, Illinois) deseribed 
above, through a drive shaft and bevel gears. The whole drive mecha- 
nism consisting of motor, drive shaft, gears and paddles are supported 
on a 3-ineh channel iron ‘‘A’’ which is suspended through pulleys ‘‘B,”’ 
wire rope and window weights, so that it may be easily raised out of or 
lowered into the six battery jars of test liquid. The speed of rotation 
is controlled between 10 and 80 r.p.m. by a 300 ohm rheostat. The 
window weights rise and lower inside of 2-inch pipe ‘‘C’’ which support 
the mechanism and attach it to the laboratory bench. The drive shaft 
and gears require careful alignment and should be built in a machine 
shop. The cost will run from $50 to $60, unless you have your own 
machine shop as part of the plant. 
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Fig. 2.—The Nalefski Stirrer. 


An easily constructed stirring apparatus is shown in Fig. 3 by A. L. 
Elder and G. W. Stahl, of the Department of Chemistry of Syracuse 
University. The cost should not be more than $15.00 exclusive of the 
motor and labor. 








Fig. 3.—The Elder-Stahl Stirrer. 
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The materials necessary for a 10-beaker set are 21 small steel wheels, 
2 in. in diameter; ten steel rods, 10 in. by 1% in., such as are found in 
Gilbert and Erector sets or may be obtained from the manufacturers; 
one or two cone reduction pulleys, 6 in. in diameter, with axles to fit; 
two ring stands; two iron clamps with flat arms such as are used on 
filter funnel racks; ten cork borers, 14% in. in diameter; 9 ft. of lath 
lumber %g in. by 3 in., and 10 ft. of heavy lumber 2 in. by 6 in. to be 
used as a motor support as well as a support for the reduction pulleys, 
and a motor fitted with a reducing gear. On each of the stirring rods 
are soldered two tin plates, 14% in. by % in. The lower half of the 





10° 

















stirring rods may be enameled to provide an easily cleanable surface 
and prevent corrosion. 

Fig. 4 shows the arrangement whereby the cork borers serve as a 
satisfactory sleeve for the free revolution of the stirrers, which may be 
lubricated with vaseline. The stirring rods are spaced 5 in. apart on 
the rack and the center rod holds three of the small wheels, one of which 
is attached to the reduction pulley by means of a light rubber belt. 
The motor is connected to the reduction pulleys by a continuous leather 
belt. The stirring rod wheels are connected by means of a continuous 
tight string belt in a figure eight formation. A little tale serves to keep 
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the belts from slipping. They should be loosened while the apparatus 
is not in use. 

A white backboard with horizontal and vertical black stripes serves 
as an aid in estimating rates of sedimentation. It is suggested that 
during sedimentation the stirrers be removed from the solutions by 
raising the stirring rack on the two ring stands. 

The finger-tip ease with which the Nalefski stirrer (Fig. 2) is raised 
and lowered for filling and refilling the battery jars, and the use of 
one small motor-gear unit for the drive appealed to me as a very de- 
sirable feature. Dr. Elder’s stirrer (Fig. 3) solved the costly drive 
mechanism of Nalefski’s apparatus. I have combined the two types in 
what may be called the Decatur Stirrer as shown in Fig. 5. The drive 





Fig. 5.—The Decatur Stirrer. 
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mechanism is the universal motor-gear unit (described above) which 
operates the stirrers by a 3/16 inch round leather belt which passes in 
a figure eight fashion over a single set of 114 inch brass pulleys. The 
stirring shafts rest on and pass through small thrust ball bearings ‘‘A”’ 
to reduce friction. These ball bearings rest in counter sunk holes in the 
2 by 4 support. The stirring rods and paddles are of brass because 
we had the material on hand; iron would be better, stainless steel best. 
The entire supporting mechanism is made from good quality 2 by 4 
inch lumber. The lifting mechanism must be securely guided ‘‘B’’ so 
that it will raise and lower without binding (note A in Fig. 5) and the 
2 by 4 upright supports should be braced at the top ‘‘C”’ to strengthen 
the support and prevent side sway. Sheet metal cases were made to 
surround the lead weights so that in ease of accidental fall the table 
or apparatus nearby would not be damaged. 
The cost of this apparatus is summarized as follows: 


1 Speedway Universal Motor-gear No. 911W..................... $ 6.00 
1eSO0 Om THCORUAY (COHIIUC CO: ) 8 is 5 cc fee es orders achleta div eae Woe woes 3.00 
6 \% by 15/16 by 25/64 in. thrust ball bearings.................. : 2.14B 
6 \% by 14 in. brass pulleys (G1217)................ er te i lh 
6 ft. round eather plilley belt, seins... 2. cs ec ee eeeeees .40 B 
Pn Ot) aol Na COUPES Skies. ooo ny 6 ba ale veda t ike ae wens 34 B 
lipe: tains brass roe 12 it. lone @ 4.66) ..0.6 6s cs ce ees eee 55 
DSRSTG TOY SPECT TC Lc Sag a ae 50 
Pazar ies Pu OPE IOE LEANING 6 2.2. pes. .cs4 ols eal se 64 elmaralacdes Beveled 50 
a STE GLE VESS GV). 0. 0) og er 3.60 


$19.70 





Total material........ See ee Stee et cores: ee er 


The apparatus is reasonably light and can be moved from one table 
to another or into the store room when not in use. The $3.00 rheostat 
is one we had for another purpose and is perhaps more expensive than 
necessary (see Hurwitz above). The items marked B in the cost sum- 
mary were purchased from the Boston Gear Works, Ine. 

The stirring apparatus designed at the Waukegan, Illinois, sewage 
treatment plant, is a modification of the one described by Rudolfs and 
Gehm in This Journal, 8, 196 (1936). A photograph of the Waukegan 
apparatus is shown in Fig. 6. 

The apparatus was built up from a welded angle iron frame; part 
of this frame being given to us by our mechanic. The frame is 604 in. 
long, 5034 in. high and 1214 in. deep. The glass jars used are cylin- 
drical of 2% gallon capacity. The motor is a 4 h.p. G. E. motor which 
was purchased second hand at a cost of $15.00. A 4-in. sheave is at- 
tached to the motor which connects, by means of a V-belt, to a 6-in. 
sheave on the speed reducer. The sheaves and belt cost a total of 
$4.00. The speed reducer has a ratio of 48 to 1 and cost about $12.00. 
A four-step cone pulley is attached to the speed reducer and another to 
the line shaft above; which shaft is supported by four bronze pillow 
blocks. The pulleys are driven by a quarter-inch round leather belt. 
To facilitate changing the belt from one pulley to another a brass idler 
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Fig. 6.—Waukegan Stirrer. 


was constructed. The drive is transmitted to the vertical paddle shafts 
by bevel gears. A metal guard covers the line shaft and gears. The 
paddles may be operated at 115, 68, 25 or 10 r.p.m. The paddles are of 
brass and the shafts are removed by means of a thumb screw. In this 
way any combination of paddles may be operated. Electric lights (40- 
watt bulbs) having a reflector in the back of them, have been attached 
to the frame so as to have one light behind each jar. A control switch 
on the frame makes it possible to start the motor without interfering 
with the lights. Each light may also be turned on or off as desired. 
The total cost of the apparatus was approximately $90.00, exclusive of 
labor. Most of the fittings were machined by our mechanic and the 
entire apparatus was assembled by him. 

Perhaps there are other designs which have special advantages that 
are cheap and easy to build. If you have one why not send it in to me. 
Getting gadgets by voluntary contribution from your operators is like 
pulling teeth or quieting a foaming digestion tank. Loosen up, send 
in gadgets, your annual reports, ete., and keep this section from being a 
one man or localized affair. 


EXCERPT FROM REPORT ON THE DANBURY, CON- 
NECTICUT, SEWAGE TREATMENT PLANT 
FOR THE YEAR ENDING JUNE 30, 1938 


3y Water EK. Kunscu 


Superintendent 


When, on April 19, 1937, the trickling filters were put into permanent 
use, there was brought to a conclusion a long and expensive program of 
construction, designed to give the wastes of Danbury complete treat- 
ment to such an extent that they would cause no further nuisance in the 
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receiving stream. The plant was designed for a flow of 6 M.G.D. but 
ean treat 8 M.G.D. for short periods. 

Sewage flows for this year were consistently higher than those for 
the previous year and showed an average of 5.2 M.G.D., The sewage 
coming to the plant was given complete treatment throughout the year 
with the exception of a short period in September when it was bypassed 
in order to permit the installation of two 30-in. Everdur gates at the 
influent manhole. 

Results of operation given in the table below show the average of 
tests taken by the Connecticut State Health Department. 














| Turbidity | Suspended Solids B.O.D. 

| | 1 a} 

| P.P.M. Ee Per Ct. | pp | PerCt. | ppyy, | Per Ct 

| Bix Removal val | Removal Removal 
Raw Sewage a 435 | | 205 | 278 
Primary Tank Eff.......| 156 | 639 | 71 | 65.4 150 46.0 
Trickl. Filter Effl.... ... 20d} | 881 |S 71.7 47 83.1 
Final Tank Eff... . | 36 «| = 91.9 Wi 34 | 83.5 | 35 87.5 








Two of the state tests for biochemical oxygen demand were taken 
in July, 1937, when the trickling filters had not been in use long enough 
to come up to maximum efficiency. These two tests were averaged with 
the others and thus brought the year’s average down. Since July, 1937, 
all B.O.D. tests have shown a removal of 90 per cent or better through 
the plant. 

Of the relative stability tests taken on the plant effluent once weekly 
since Sept. 20, 1937, all have shown a stability of 99 per cent except 
three, which ranged from 90 to 97 per cent. 


MAINTENANCE 


All maintenance problems and repairs were taken care of by the 
workers at the plant except in those cases where lack of proper tools or 
need of professional advice made outside help necessary. 

Minor repairs to the automatic coarse screen included the replace- 
ment of short lengths of worn chain. The whole chain was wearing 
rapidly and it was evident that it would soon have to be completely 
renewed. 

The fine sereens continued to give good service and were compara- 
tively trouble-free. The brush drive shaft on one screen was re-aligned 
in order to give better cleaning to the plates. The brushes do not show 
a great deal of wear and will probably run at least another year without 
replacement. Compared to experience at other screening plants, our 
brushes are giving abnormally long service. They are already com- 
pleting their third year of use. In many plants it is necessary to re- 
place them every year. 













316 SEWAGE WORKS JOURNAL March, 1939 


The pits underneath each fine screen were cleaned five times during 
the year and large amounts of grit removed. It is quite evident that 
the efficiency of grit removal in the present coarse screen and detritor 
is very low. Some of this grit finds its way to the settling tanks and 
digesters and causes rapid wear on the scrapers and other equipment 
in those tanks. 

Settling tank maintenance is negligible. The channels are cleaned 
and the grease skimmed from the tanks once weekly. The superstrue- 
tures of the tanks were given two coats of paint in the fall. 

Digestion of sludge was satisfactory throughout the year. How- 
ever during the latter part of the winter heat transfer from the hot 
water coils in the Dorr digester became noticeably poor, and from that 
time on the temperature of the tank dropped slowly instead of remain- 
ing at the desired 80 degrees F. This condition could be caused only by 
‘aking of sludge around the heating coils, thus forming an insulation 
against the transfer of heat, and it was realized that it would be neces- 
sary to empty the digester sometime before the next winter if the tank 
was to be kept warm and digesting properly. 

Humus sludge from the recently completed final settling tanks and 
trickling filters almost doubled the amount of solids pumped to the 
digesters in previous years, and before sludge could be drawn to the 
drying beds in the spring, the sludge layer in the digesters was ab- 
normally high. With the aid of warm, dry spring weather, 53 beds of 
sludge were drawn by the end of June, making a total for the year of 
90 beds. The year’s total of sludge drawn to the beds was 51,400 cu. 
ft. and for dried sludge removed from the beds, 25,500 eu. ft. 

Late in spring it was realized that the available sludge bed area 
would not handle enough sludge to permit the emptying of the Dorr 
digester and it was decided to make alterations to a nearby slow sand 
filter and use it as a sludge bed. This improvement adds 9,000 sq. ft. 
to the previous sludge bed area and makes a total of 45,000 sq. ft. avail- 
able. This area was subsequently found to be adequate to permit the 
emptying of the Dorr digester. The work done on this digester will be 
covered in the next report. 

Chlorination for the 1937 summer season stopped on September 17. 
The 1938 season was started on May 21. One carload of fifteen tons of 
chlorine proved sufficient for one season’s demands. An average dose 
of 220 lb. per day through the season eliminated all carrying odors at 
the trickling filters. It is doubtful whether any fly control was ob- 
tained. The chlorine proved valuable in eliminating fungus growths 
from the piping and also helped rid the beds of pooling. 

When the trickling filters were first started in operation it was 
feared that fur which finds its way through the screens and settling 
tanks might in a comparatively short time clog the spaces between the 
trickling filter stones and thereby cause serious trouble. Consequently 
the sewage liquor was screened again at the distributing manhole by 
manually cleaned screens. These screens clogged only about three 
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times daily and after experimenting with 14 in. mesh screens, the latter 
were put into use in November, 1937. These screens remove a great 
deal more fur and other floating matter and are cleaned about ten times 
per day. It was found that the 800 ft. pipe line between the settling 
tanks and this manhole released enormous amounts of fungus growths 
when the sewage temperatures ranged from 50 to 55 degrees F. De- 
cember and March appear to be the peak periods for release of this 
fungus. During these periods it is almost impossible to keep the 1% in. 
mesh sereens clean and much of the fungus goes through to the trickling 
filter distributing arms. During these periods the distributors clog 
rapidly and must be cleaned almost daily in order to prevent their com- 
bined capacity from dropping below 6.0 M.G.D. ; 

Thus far the fears about the fur on the trickling filters have proven 
groundless. Other than the trouble from fungus growths the distribu- 
tors have operated very well, with only very minor operating difficul- 
ties appearing. Pooling on the surface of the filters was noticeable 
only in the late winter months. This pooling began to disappear with 
the warmer weather and the first few days of chlorination removed it 
entirely. 

The trickling filter fly, psychoda, did not appear to any great ex- 
tent in 1937, but the warm weather of early spring in 1938 brought them 
out in great numbers. Flooding of the filters for fly control was prac- 
tised for the first time on May 5, 1938. Flooding was continued at 
weekly intervals and by the end of June the fly nuisance was much 
abated. 

The winter of 1937-88 was comparatively mild but indicated that 
winter operation of the trickling filters would not give serious trouble. 
It was found that even a heavy fall of snow would be immediately 
melted away under the distributors. Ice on the stones appeared only 
in a few concentric circles near the center of the beds where the stones 
did not receive the direct stream of liquid but only the spray. Spray 
also froze at the outer edge of the bed but caused no trouble since the 
stone drops away at a 1%4 to 1 slope at the point and leaves ample room 
for piling up of ice. Spray did give some trouble by freezing on the 
rods and braces of the distributor where it would, if allowed to veconie 
thick enough, weight down the rods to the breaking point. This possi- 
bility was overcome by knocking the ice off the rods every four hours 
during cold weather. 

Results of trickling filter operation, as given in the first part of this 
report, have shown that this method provides ample secondary treat- 
ment for the wastes of the city. 

The final settling tanks remove large amounts of solids from the 
trickling filter effluent. Whereas at most plants of this kind one or two 
pumpings per week are sufficient for sludge removal, we have found it 
necessary to pump daily from these tanks. The humus sludge has a 
moisture content of 94 per cent and increases the solids load on the 
digesters by almost one-half over the loadings previously obtained from 
the primary tanks alone. 
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Operation of the final tanks was twice interrupted for a period of 
one week by the filling of the sludge hoppers and clogging of the sludge 
pipes with stone dust, which washed through from the trickling filters, 
It is believed that this stone dust is the result of the washing action of 
the liquid passing over the trickling filter stones rather than the result 
of any breaking up of the stone due to frost or chemical action. Had 
the stone been sifted immediately before being put in place in the filters, 
this trouble would not have appeared. 

The presence of this material also increases the difficulties of pump- 
ing the sludge to the digesters. The static head of 48 ft. against the 
pump plus the friction head caused by forcing the heavy sludge through 
800 ft. of pipe to the digesters, causes a load which the Carter pump 
was not built to withstand. Only by running the pump at a very slow 
rate can the sludge be removed. 

The Dorr plunger pump continues to give good service in the pump- 
ing of raw sludge. The Chicago centrifugal pump is used as a standby. 

The old sand filters were used during periods of high flow to treat 
all liquids beyond the capacity of the tricking filters, and gave a good 
effluent. About nine acres of beds remain available for use. All beds 
were cleaned once during the year. 


Magsgor ImprovEMENTS 


Early in the year an important improvement was made at the in- 
fluent manhole by replacing two heavy 30 in. shear gates, which were 
no longer water tight, with Everdur slide gates with wheel stands. 

All overground gas piping leading from the digesters was provided 
with unions and cleanouts and was insulated against the weather. 

The sludge beds were protected from ground and surface water by 
the installation of 150 ft. of tile in open ditch and 180 ft. of vitrified tile 
in an underground drain. A much needed regrading of sludge beds 
was begun in the spring of 1938 and by June 30, ten beds had been com- 
pleted. The banks of the sludge beds were regraded for appearance 
and ease in mowing. 

A small building, 11 by 16 ft. was erected for winter protection for 
the 14 in. mesh screens at the manhole which diverts the settled sewage 
to the four trickling filters. 

Baffles were installed at the outlet end of the final settling tank. 

In March, 1938, a W.P.A. project was started for the purpose of 
making improvements to the roads, drainage, and grounds at the plant. 
By the end of June, 1,000 feet of road had been built near the trickling 
filters, about two acres of ground graded, and drainage, provided for all 
land south of the trickling filters. It is hoped that with the W.P.A. aid 
it will be possible to rebuild all roads at the plant for permanence and 
regrade much of the grounds for better appearance and ease of main- 
tenance. 
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GENERAL INFORMATION AND Data 


In the table below are given the important statistics on plant opera- 
tion for the past year. 


PUP MEO Wraps Siscearotl se okies oak ... 1,898,920,000 Gal. 
Sewage Flow (per Day).......... OSes 5,200,000 Gal. 
Coarse Screenings Removed................. 8,500 Cu. Ft. 
Fine Screenings Removed................... 53,278 Cu. Ft. 
RRaAV SIUG@e iP URIDCU. Wicecsjc Gk Suede ea ai : 3,863,140 Gal. 
Humus pltidge Pumped: occ. o2ced wl ees os es 1,008,745 Gal. 
Dry Sludge Solids to Digesters...... FR ciatcee Mec 1,470,000 Lbs. 
Digested Sludge to Drying Beds............. 51,420 Cu. Ft. 
Dried Sludge Removed................ sedis 25,550 Cu. Ft. 
Ge CCH CLANOEN oe far se EUW eels oxreless 4,875,100 Cu. Ft. 
Pignt ANG OWer CSCO... an-05 8sdive ee aisle loess 47,717 KWH. 
Cia fcyn ito a U/2c°t Jeane a een 24,330 Lbs. 
Cost of Operation—Total. «25.0.6 6 6.8 $24,986.26 
Cost of Operation Per Mil. Gal.......... ae $13.15 


The plant serves a population of 21,000 people and also receives the 
industrial waste from about one-third of the local hat and fur factories. 
There are no sewage pumping stations as the flow to the plant is all by 
eravity. The present plant was designed for an average flow of 6 
M.G.D. Normal treatment consists of coarse and fine screening, pri- 
mary settling, digestion of solids and sludge drying on open beds, chlo- 
rination in summer, oxidation on trickling filters, and final settling of 
effluent. Nine acres of slow sand filters are available for flows over 
the capacity of the trickling filters. The cost of the plant excluding land 
and slow sand filters was about $400,000. The consulting engineers 
were Sanborn and Bogart of New York City. 








Editorial 


WATER POLLUTION IN THE UNITED STATES 


Under this title the Special Advisory Committee on Water Pollution of the 
National Resources Committee has made a report of some 165 pages on pollution 
by sewage and industrial wastes in the United States. The report is the third 
on this subject. It was submitted to Dr. Abel Wolman, Chairman of the Water 
Resources Committee, on Dec. 20, 1938, and forwarded to President Roosevelt 
on Jan. 25, 1939, by Chairman Ickes of the National Resources Committee, with 
the recommendation that Federal legislation should provide for Federal finan- 
cial and technical assistance in pollution abatement and that construction activi- 
ties for which financial aid is given should be planned as an integral part of a 
general public works program. 

The report was transmitted to Congress by the President on Feb. 15, 1939, 
with the following recommendations: 

It is my opinion that pending further experimentation with interstate and State 
enforcement activities, Federal participation in pollution abatement should take the 
general form of establishing a central technical agency to promote and co-ordinate edu- 
sation, research and enforcement. On the basis of recent experience, it should be 
supplemented by a system of Federal grants-in-aid and loans organized with due regard 
for the integrated use and control of water resources and for a balanced Federal pro- 
gram for public works of all types. The time is overdue for the Federal Government 
to take vigorous leadership along these lines. 

The report is concerned mainly with estimated costs of a long-range program 
of treatment of sewage and industrial wastes, and with the administrative aspects 
of water pollution control. 

The cost over a period of 10 or 20 years is estimated as follows: 

Millions of Dollars 


Treatment of municipal sewage ...............00. 1,000 
Treatment of industrial wastes ..............000+ 900 
SDINDOGAL OF OUAGI WINS os ooo. 6is so se 0s oe.a'ss 05.800 100 
Controlling mine-waste waters ..........00..eee008. 52 
9 NRO 
2,052 


The report includes tables showing cost of treatment of sewage regionally, 
with some 440 millions allocated to the region from New England to the Dela- 
ware Basin. The industrial waste estimates are listed for various types of in- 
dustries, based on unit costs for which, the report states, reliable statistics are 
available. The summarized costs are compiled from these unit costs adjusted 
for the volume of production indicated by the 1935 Census of Manufactures. 
The total of 694 millions obtained in this way is considered low, and is there- 
fore raised to 800 millions minimum and 900 millions maximum. 

Some of the detailed estimates are of interest. The larger items and totals 
of the various groups are shown below: 


Foods and Beverages Millions of Dollars 
SUSE MRRRMD IE GIRRI bs (5 Ws viv as css spate Ware) 0 eh bce SG sss Ov ehe 32.6 
EMER ea iS ais loins Ga S's ss OMEGA ee BINGO ees 22.4 
SERENE EMO 5 5s 6 53c0si00 soe ssid dO 6 Mae oe RS 10.4 
NIE TINIE 55 8. 6ic5is 6 G.weied wigs arcs Wie bw.s ie SSeS 41.0 
NE SEMEN onl 0 5. 525.655 wie Gis alah Saioe paces 30.0 
SINSUAUN MOMOMURIUMMIOTD 5 o 'so,So:ocs.co ala adie: 6 (a nie we 5 4 al 30.0 
SR MEN cars ra tias aes SC Ca RO SS OTS 7.6 
NAC ie Syn iyk 54 s1S a ae RRS SG aes Sioa Sess skool 205.4 

ROMA RENAE Meese Puc GaiS., 1220s ic vue Clein aioe ors iw tei ete Win len ciscene eae 28.3 

Arai NTS UE AEM MMDMATININD 5555. io ly aaa avec aie eiaiash sas bis wets webs OS 35.0 

ito 1 ire ee eT Re Re TAN Ts CRG 54.0 

Ferrous Metals 
RIORR OVER PTOUNCES: .. ...)5 0). 6 5s 6 ose ois oe tsicesais 10.0 
RUN UIUC 55555 S89 5a soit sho hin alin Ws reo ualee pe isa tac oer 10.0 


RR Soc i nS aes La a oe ie te ee sie 
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PPT REMOTE CERIO 5 Sic cos Oe. occ. wb eleva ce %aleirerlanelince-e 4:0 weasel eneceleks 21.6 


Be Ppa re ete eeetets cis falinvetu ohare aire Voters stonc foc wiairarersietas eck aausrerel ciel scs 129.0 
WRG IONE aay.) ial siclercictysheis eit ado sicwiniey es. 6 clei aretersne eaten 1.0 
Re RRCUE Rss 25dore oka ato ee yoncile “ar svaie lchetavanent el eseous aleraie a-aceiets 494.3 
ii get LE URkGa Pt APNG) SOIC Ay CEM IC ICaO OE ace ary rare 100.0 
‘Total’ added for CONGIMPONCICS 256.2066 4 5 oid. cin diss co's oid vise 100.0 
Bere Chae: 22 EN Ua Re ee Poe area cao eer re ear een 694.3 


In view of the 200 millions in miscellaneous and contingencies, a wide varia- 
tion in any individual item would not affect the total to any extent. The rubber 
industry might have been spared its lone million. 

The table gives a good perspective of the gross range of responsibility of 
various industries for pollution of water. Food and paper industries are the 
largest specific items. The large amount for malt beverages is of interest. 

The following comment is made with reference to industrial wastes: 

Few manufacturers benefit directly from an improvement in the quality of waste dis- 
charged from their plants. Industrial waste treatment or recovery does not usually pay 
a net return. It must be regarded as a charge on the cost of production. Being non- 
revenue producing, proposed expenditures for that purpose meet little encouragement 
from the financial groups interested in the industry. 

Loans to industry are recommended by the committee, at lower interest rates 
than those prevailing in the market for industrial funds, but grants are not con- 
sidered necessary or desirable. 

Administration of pollution abatement is reviewed, with special reference to 
interstate compacts and agreements, such as the New York-New Jersey Commis- 
sion, the Ohio River Compact, the Potomae Basin Compact, the Delaware Basin 
Agreement, and the Tri-State Compact (Minnesota, North Dakota and South 
Dakota). The pollution abatement program in the Potomac Basin is estimated 
to cost $17,300,000. 

With reference to Federal functions in pollution abatement, the report rec- 
ommends that ‘‘ Federal action should look to the improvement of State enforce- 
ment; research and education; the stimulation of interstate compacts and agree- 
ments; the promotion of integrated basin-wide plans; and financial aid in the 
form of loans and grants to meritorious projects.’’ 

The specific course suggested for carrying out the recommendations of the 
report is as follows: 

(a) Applications for grants-in-aid and loans would be received by the U. S. Public 
Health Service providing (sic) they had been approved by the appropriate State Health 
authority. 

(b) The Service would examine the applications and each year would prepare a list 
of projects for which grants-in-aid and loans during the ensuing fiscal year were recom- 
mended. 

(c) The national co-ordinating and planning agency would advise on whether or not 
the projects were in harmony with comprehensive plans for water use and control. 

(d) The list then would be submitted to the Bureau of the Budget for consideration 
in relation to public-works programs for other purposes. The President would transmit 
his recommendations for appropriations to the Congress as a part of the annual Budget. 

(e) The Congress would appropriate such sums as it deemed necessary and desirable 
to finance the recommended program. 

(f) Grants-in-aid and loans from appropriated moneys for authorized projects then 
would be made by the public-work agency, which also would inspect the work during the 
construction period. 

The remainder of the report includes an appendix summarizing state laws on 
pollution, also brief statements by Harry E. Jordan on costs of water filtration 
plants and by Dr. Willem Rudolfs on water pollution abatement in western 
European countries, a revision of a report by the U. S. Public Health Service. 
The report also contains some technical information on water standards for fish 
and aquatic animals, by Dr. M. M. Ellis, and rather general information on in- 
dustrial wastes. 

The report was referred to the Committee on Rivers and Harbors on Feb. 16, 
1939, as House Document No. 155 and is under consideration by the 76th Con- 
gress now in session. F. W. M. 
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This 
Anniversary 
Volume... 


is published to commemorate ten 
years of service by the Federation of 
Sewage Works Associations and is 
dedicated to the many operators of 
sewage works, research workers, en- 
gineers and public officials who have 
contributed to the development of 
the art of sewage treatment in the 


The editor o9o MODERN SEWAGE DISPOSAL is Langdon Pearse, and the following 
is a list of the chapters and their respective authors: 


C. A. EMERSON, JR.: The Fed- 
eration and Its Relationship to 
Sewage Disposal. 

C. G. HYDE: A Review of Prog- 
ress in Sewage Treatment Dur- 
ing the Past Fifty Years in the 
United States. 

LANGDON PEARSE: Functional 
Outline of Processes of Sewage 
Treatment. 

SAMUEL A. GREELEY: Sedi- 
mentation and Digestion in the 
United States. 

KARL IMHOFF: Sedimentation 
and Digestion in Germany. 

W. E. STANLEY: The Trickling 
Filter in Sewage Treatment. 

F. W. MOHLMAN: Twenty-five 
Years of Activated Sludge. 

W. DONALDSON: Chemical Treat- 
ment of Sewage. 

LINN H. ENSLOW: Chlorine in 
Sewage Treatment Practice. 

GEORGE B. GASCOIGNE: Me- 
chanical Equipment in Modern 
Sewage Treatment. 


MORRIS M. COHN: Utilization 
and Disposal of Sewage Sludge. 


W. D. HATFIELD: The Works 
Laboratory. 

C. A. HOLMQUIST ann C. C. 
AGAR: Bettering Sewage Plant 
Operation. 


MAX LEVINE: Bacteriological 
Aspects of Sewage Treatment. 


EARLE B. PHELPS: Bio-chem- 
istry in Sewage Treatment. 


W. C. PURDY: Limnological As- 
pects of Sewage Disposal. 


N. T. VEATCH, JR.: The Use of 
Sewage Effluents in Agriculture. 


H. W. STREETER: Disposal of 
Sewage in Inland Waterways. 


A. K. WARREN anp A. M. 
RAWN: Disposal of Sewage into 
the Pacific Ocean. 


A. D. WESTON: Disposal of Sew- 
age into the Atlantic Ocean. 


WILLEM RUDOLFS: Sewage Re- 
search, 


HAROLD E. BABBITT: Research 
in Sewage Treatment at Educa- 
tional Institutions in the United 
States. 


C. E. KEEFER: Administration of 
Sewage Treatment Works. 


GORDON M. FAIR: Mathemati- 
cal Aspects of Sewage Research. 


C.-E. A. WINSLOW: Pioneers of 
Sewage Disposal in New Enxland 

ABEL WOLMAN: State and Other 
Governmental Functions in the 
Control and Abatement of Water 
Pollution in the United States. 

H. T. CALVERT: Governmental 
and Local Functions in the Con- 
trol of Sewage Disposal in Great 
Britain. 

J. H. GARNER: Sewage Treat- 
ment in England. 

E. J. HAMLIN anp H. WILSON: 
The Sewage Disposal Problem in 
South Africa. 

H. J. N. H. KESSENER: Sewage 
Treatment in the Netherlands. 
A. HEILMANN: Sewage Treatment 

in Germany. 

L. F. WARRICK: The Prevalence 
of the Industrial Waste Prublem 

ROBERT SPURR WESTON: Treat- 
ment and Disposal of Industrial 
Wastes. 


This 371-page reference manual has been priced so as to become available 


To Sewage Works Journal subscribers 


To non-subscribers 
(Foreign postage of 33 cents is extra) 


to the greatest numbers. 
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Proceedings of Local Associations 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 


MINUTES OF THE ANNUAL MEETING OF THE 
BOARD OF CONTROL 


The Annual Meeting of the Federation of Sewage Works Associa- 
tions was held at Leeds Restaurant, New York City, on January 20, 
1939. Dinner preceded the meeting which was called to order by Chair- 
man C. A. Emerson, Jr., who presided. Roll Call showed the follow- 
ing to be present in person: 


Name Representing 
Charles CG; Agar ....<.:05: ea eeeees+.New York State Sewage Works Association 
H. G. Baity ........................- North Carolina Sewage Works Association 
fooyal ORgt| i 2)\ (21 aah aa ar a eae eee ES California Sewage Works Association 
F. J. Biele ..............2..00+.0+++.New York State Sewage Works Association 
Wins We Buium: .6edic eis conaane Mlember-at-Lbarge 
Wisi Wis SPONSOROE oxi oul asin oie-s swiaisialeeecs Central States Sewage Works Association 
E. F. Eldridge ...................... Michigan Sewage Works Association 
Gr PA MANCTBOD GL: 5h.5 ira saints 9 to Shaeeens Pennsylvania Sewage Works Association 
ETENTE es REO Woes aie ake, 0/4, sie RANE Member-at-Large 
RSRUSGN Ey ee RGN 5 FS opie, sane greta designee Georgia Water and Sewage Association 
HY. Welbsigton Gilcreas: .....6 2.6 esas New England Sewage Works Association 
DCC S32) 0) 11) de ae Rocky Mountain Sewage Works Association 
yO 22g 2) Federal Sewage Research Association 
ice Wigs SVG NNT UNA 5 sti52 52h. 4-069 93,8. plage Editor 
By Miss ORS Sob sis a Seng teins vas ca STO Pennsylvania Sewage Works Association 
Wm. J. Orchard ....................Member-at-Large 
Wm. M. Piatt ...........6........... North Carolina Sewage Works Association 
Wain RG OLES ss 's.4 sac o.0loasise cheek New Jersey Sewage Conference 
G. S. Russell ......................-. Missouri Water and Sewerage Conference 
L. W. Van Kleeck ..................New England Sewage Works Association 
Barle: ti, Waterman: s.:0:6i00.08.5 osa0deec Iowa Wastes Disposal Association 


Present in person, acting as proxy: 


Name Representing 
A. S. Bedell 
GEOR I Wi SONGS) 6 te0:5 0 serena oar Reave Ohio Sewage Works Conference 
Gordon M. Fair 
EOD Wis Co Maer) a.cdcicsg ewer warts The Canadian Institute on Sewage and Sanitation 
F. W. Mohlman 
(for Hl SPSS0er ) sissies Sleatticsve 3 Member-at-Large 


The following were represented by proxy (name of proxy in 
brackets) : 
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Name Representing 
Earnest Boyce 
(ie oe Kansas Water and Sewage Works Association 
A. D. Butler 
PRS REMI) 5s x 's'o 0 5.0: oo vgis\s a sje Pacific Northwest Sewage Works Association 


H. J. Darcey 
CLS SS a 
V. M. Ehlers 
(H. E. Moses) 
P. S. Fox 


Peatauie Oklahoma Water and Sewage Conference 


So RO SO EOE eae Sewage Division, Texas Section, S. W. W. A. 


(CUS ge Co 1) a Rocky Mountain Sewage Works Association 
John H. Garner 

(i. Ei. Moses) ....:... Par, Pete eT The Institute of Sewage Purification 
H. R. Hall 

(di. 3. Bloses) ......... ......+.+Maryland-Delaware Water and Sewerage Assn. 


M. D. Hollis 
GoPMisller) 2.5... 
W. I. Leonard 
Cc Mg0 Co) ......Pacifie Northwest Sewage Works Association 
Lewis Simonton 


resi the .... Dakota Water and Sewage Works Conference 


(Gilbert i. Prath) 0... .6.46.% ...Georgia Water and Sewage Association 
Richard C. Smith 

(33° 3. Moses) ...... ts seesessees NeW Jersey Sewage Conference 
W. W. Towne 

(H. E. Moses) ...... .+seee++..++Dakota Water and Sewage Works Conference 
Dario Travaini 

(Ga: Aa Bioses) 2... 6 esse ......Arizona Sewage and Water Works Association 


A. H. Wieters 
(Earle L. Waterman) 
Abel Wolman 


ety «aie Iowa Wastes Disposal Association 


FS OS ROMER) 56.55 om = isca ois sins oats Maryland-Delaware Water and Sewerage Assn. 
C. T. Wright 
CNS 2 OS Re oe a Federal Sewage Research Association 


Reading of the Minutes of the last Annual Meeting held January 
21, 1938, was by common consent dispensed with since they had been 
published in the March, 1938, issue of Sewage Works JouRNAL. 

Chairman Emerson made a brief verbal report, referring to the 
continued growth of the Federation during the past year. He spoke 
of the publication of the Nine Year Index in the September issue of the 
Journat and of the Tenth Anniversary Volume, both creditable achieve- 
ments. He anticipates further growth, but called attention to the 
serious problem of finances confronting the organization. 

The Secretary-Treasurer next presented his report, briefly reciting 
the growth of the Federation in the ten years since its formal organiza- 
tion in Chicago on October 16, 1928, with seven affiliates, nine states rep- 
resented, and only 411 members. Today there are 25 affiliates, 30 states 
being included and containing 80 per cent of the entire population of 
the United States. One affiliate each is in Canada and Argentina, with 
two in England. The close of the year showed a net membership of 
2,472, an increase of 92 in 1938. The Secretary received $3,314.75 in 
dues, an increase of $216.25 over the preceding year, and forwarded 
the same to the Business Manager who received dues direct from several 
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of the affiliates. He reported that the Arizona and the Georgia groups 
had changed their names in 1938. No new affiliates were proposed. 

The Secretary-Treasurer particularly called attention to the dis- 
turbing loss of old members, stating that in 1938 nearly 500 members 
did not renew membership, equivalent to nearly one-fifth of the year’s 
net membership, urging that this loss should not be overlooked. On 
motion the report was accepted. 

Business Manager Buffum then presented his report stating that the 
number of subseribers as of December 31, 1938, was 2,888 (2,681 in 
1937), divided into members 2,489 and non-members 399. The cost of 
printing and mailing Sewace Works Journat for the year 1938 totaled 
$8,877.23, or $3.07 per subscriber. Profit for 1938 amounted to $147.52 
as compared with $1,633.13 in 1937, or approximated $1,500 less than 
last year’s profit, about equal to the increased cost of the Journat. 
Advertising income for 1938 was $6,130.11 as against $6,495.36 in 1937, 
a loss of $365.25. There were three pages less of advertising than 
last year. 

Reporting on the Tenth Anniversary Volume, Mr. Buffum stated 
that 2,500 copies had been printed, with 1,000 copies bound. Some 
4,000 letters are being sent to subscribers and former members, bring- 
ing the merits of the volume to their attention. He was of the opinion 
that the volume will pay for itself. Mr. Kepner inquired whether it 
would be practicable for each affiliate to have copies on hand at its 
meetings. Mr. Buffum stated this could be arranged. On motion the 
report was accepted. 

Kditor Mohlman made a brief verbal report on the JourNaAL, re- 
affirming his belief that the low subscription price made it available to 
small plant operators and others who would be unable to obtain it if it 
were more expensive. He hoped means would be found to continue at 
the present cost. 

The Executive Committee and Publication Committee made no 
reports. Mr. Emerson reported that Chairman Streeter had informed 
him that the Membership Committee had some good prospects for new 
affiliates and hoped for expansion in that direction. 

The report of the Finance Committee by Chairman Piatt evoked 
general discussion as to ways and means of increasing the Federation’s 
income. Less advertising accounted for much of the reduction of 
profit over that of the preceding year. New advertising is needed as 
well as retention of old. The responsibility as also the opportunity 
of the Board members to assist in this field was emphasized. The 
unique value of Sewace Works JourNat was stressed as an advertising 
medium in both the national and international field where there is 
plenty of advertising now going elsewhere, of which the JournaL 
should receive its share. The Board members were strongly urged to 
give this matter serious consideration and each one was asked to help. 
It was moved, seconded and carried that the report be laid on the table 
temporarily. 
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Mr. Emerson next read the report of Langdon Pearse, Editor of the 
Tenth Anniversary Volume, set forth below, which report was by mo- 
tion accepted with a vote of thanks to Mr. Pearse for his valiant work 
in taking charge of publication. 


Dear Mr. Emerson: 

As a matter of form, I am making herewith the final report on the Anniversary 
Volume, for presentation at the annual meeting of your Board. Following up the 
request of your Board that an Anniversary Volume be prepared to cover the field 
of sewage disposal, arrangements were made with prominent engineers and _sani- 
tarians in the United States, Great Britain, Germany, Holland and South Africa 
for the preparation of 32 articles covering a wide range of topics. As completed, 
the foreword of the Chairman of the Federation is followed by an introductory 
chapter of historical nature, then 18 chapters on topics in Sewage Treatment Prac- 
tice, 4 chapters on Research, 7 chapters on Regional and National Aspects and 2 
chapters on Industrial Wastes. The completed volume, containing 371 pages of 
text, is entitled “ Modern Sewage Disposal.” Printing began early in December. 
By the time this report is read, the books should be ready for distribution. 

May I thank you at this time for the hearty co-operation you have given in the 
enterprise? To the authors, Dr. Mohlman and Miss Swope, may I extend my ap- 
preciation of their continued courtesy and co-operation which materially reduced 
the burden on the Editor. Needless to say, the counsel and aid of Mr. Buffum was 
very helpful, in assuming the responsibility of all business arrangements. 

I hope that the volume will be of interest to a wide audience, not only the sew- 
age works operators, but the general public, and that as such it will prove a fitting 
memorial of the Tenth Anniversary of the formation of the Federation of Sewage 
Works Association. 

Yours very truly, 
(Sed.) LANGDON PEARSE. 


The Chairman reported for F. W. Jones, Board representative on 
the Joint Committee for Revision of Standard Nomenclature for Sew- 
age and Sewage Treatment, that he had received letters from Mr. 
Hansen and Mr. Greeley, representing A. P. H. A. and A. 8. C. E., 
stating that they expected to be able to give early attention to this mat- 
ter. A request of the Executive Committee, New York State Sewage 
Works Association, that the Federation proceed with a revision of 
standard sewerage nomenclature co-operatively with others, was re- 
ceived and ordered filed. 

Article IV of the By-Laws of the Central States Sewage Works 
Association relative to affiliation with the Federation as changed was, 
on motion, duly approved. 

The Board then proceeded to the election of officers for the ensuing 
vear. Mr. Emerson reminded that he had cireularized the Board mem- 
bers prior to the meeting explaining that both Mr. Buffum and himself 
were desirous of relinquishing their respective offices, having served 
continuously for ten years, and felt that others should undertake these 
tasks; that he had requested the Board members to give thought to this 
matter and to be prepared with suggestions, pointing out the serious 
difficulties involved because of limited income. General discussion fol- 
lowed and finally Mr. Orchard, after reviewing briefly the history of the 
erowth of sewage treatment, in which he paid tribute to the outstand- 
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ing leaders in the field, moved the re-election of all those eligible of the 
present officers and committees. This, upon second, was carried. The 
nominations, upon motion, were closed and the Secretary instructed to 
east a ballot. The following officers and committees were thereupon 
elected: 

Officers 


Chairman, C. A. Emerson, Jr., New York 
Vice-Chairman, Linn H. Enslow, New York 
Secretary-Treasurer, H. EK. Moses, Harrisburg, Pa. 
Business Manager, Wm. W. Buffum, New York 
Editor, F. W. Mohlman, Chicago, Ill. (3 years) 
(Term of Secretary-Treasurer expires in 1940) 


Members-at-Large 
Wm. W. Buffum, New York 
Linn H. Enslow, New York 
Charles G. Hyde, Berkeley, Cal. 
Wm. J. Orchard, Newark, N. J. 
H. W. Streeter, Cincinnati, Ohio 


Executive Committee 


C. A. Emerson, Jr., Chairman 
Linn H. Enslow 

H. EK. Moses, ex officio 

Wm. W. Buffum 

Wm. J. Orchard 


Constitutional Committees 
Membership 
H. W. Streeter, Federal, Chairman 


A. E. Berry, Canada 
F. Wellington Gilereas, New England 


Publication 


A. P. Miller, Federal, Chairman 
Wm. W. DeBerard, Central States 
I. W. Mohlman, ex officio 
Earle L. Waterman, Iowa 
Special Committees 
Research 


William Rudolfs, New Jersey, Chairman 
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Finance 


Wm. M. Piatt, North Carolina, Chairman 
C. A. Emerson, Jr., New York 

Dana EK. Kepner, Rocky Mountain 

C. D. MeGuire, Ohio 

F. W. Mohlman, Central States 

Earle L. Waterman, Iowa 


Joint Committee on Standard Nomenclature for 
Sewage and Sewage Treatment 


Frank Woodbury Jones, Ohio 


Mr. Enslow suggested that the Secretary send a review of the Board 
meeting to Presidents and Secretaries of affiliates as well as to Board 
members, and this was agreed to. 

It was moved and seconded that the Chairman be authorized to 
appoint in ten days a committee of seven Board members to study and 
report by June 1, 1939, on ways and means to place the Federation on a 
sound financial basis. This was amended that the report should be 
circulated among the members of the Board. As amended, it was 
adopted. 

After a rising vote of appreciation of the work of the officers and 
committees, the Board adjourned at 10:20 P.M. 


Respectfully submitted, 
H. E. Moses, 


Secretary-Treasurer 


REPORT OF SECRETARY-TREASURER, FEDERATION 
OF SEWAGE WORKS ASSOCIATIONS, FOR 
THE YEAR ENDING DECEMBER 31, 1938 


With the close of this year the Federation has completed slightly 
more than ten years of existence. It was organized in Chicago on 
October 16, 1928, with seven affiliate Associations and a gross mem- 
bership of 411. Pennsylvania was the farthest east, with New Jersey, 
New York and New England not yet organized. Five years later 
(1933), twelve more groups had joined, raising the total to nineteen. 
Since then six other Associations have affiliated, making a grand total 
of 25. There were no additions in 1938. 

Thirty of the 48 states now have affiliates, nine states being repre- 
sented in the original group ten years ago. These states contain nearly 
80 per cent of the entire population of the United States. Canada has 
one group with more than 100 members, England two groups with a 
membership of 156, while in South America there is one affiliate in 
Argentina. 


March, 1939 











di 


s| 








> 


de 











Vol. 11, No. 2 PROCEEDINGS OF LOCAL ASSOCIATIONS 329 





The close of this year shows a gross membership of 2,520; with a 
deduction of 48 dual memberships, leaving a net membership of 2,472, 
or a net increase of 92 in the past year. The membership details are 
shown below: 



































Gross Did 
Grosa | Dual New not | Membership 
Mem’s’p |Mems. Mems. Renew 
= and Rein-| Sub. 
| statem’ts | 1938 | Iner. | Deer. 
APIZODAI DOS Wie Wie OS isan ott ee cess | 26 | — 11 ie 4 — 
CHITGHIA OO WSL BSS Ms fie: on2!aeqrenies | 252 | 1 | 51 35 16 — 
Cent. States:'S. Wks. Ase’n... i.......2566. 065 | 425 | 5 119 41 78 — 
Dak. W. & Sew. Wks. Conf.: 
INGEN IDE ROUE. eis oka ooh oe wean tewaes | 12 — — 14 — 14 
SHELLAC). 0) 0 eee a | 24 | 7 5 2]; — 
Federal S. Research Ass’n..............4.. | 54 - | 6 13 — ao 
Gao We Woes BOWAPASS Neo is5s has nies 8% | 23 | 8 5 3 — 
lowa Wastes Disp: ABS? : 665 6 ose ae 44 I | 18 11 (i — 
Kansas W. & S. Wks. Ass’n.............-. | 27 | 5 nw) 5 
Md.-Del. W. & S. Ass’n......... ryan, SG | 28 3 1 2 = 
Michigan S. Wks. Ass’n......... ee Cee | 97 - 20 24 = 4 
MISBOUTT Wie Ss CONT. 5.00505 5556 os wees eis rt 29 I 21 29 -- 8 
New England S. Wks. Ass’n........... paced 149 6 19 16 3 — 
New Jersey Sew. Conf. Group. sgctaredee sit 63 a 12 7 5 _— 
N. Y. State S. Wks. Ass’n...... KGa dete See 19 | 13 | 66 638 — 
N. Carolina 8S. Wks. Ass’n.. ee 55 10 | 4] a 31 
Ohio S. Wks. Conf. Group... . ere? 107 1 19 12 7 — 
Oklahoma W.-& 6: Conts...s 6500s veces —- - 1 aa 1 
Pacific N. W. S. Wks. Ass’n........... | 48 - 22 11 11 a 
Pennsylvania S. Wks. Ass’n...............-| Is9 | 11. 35 24 11 — 
Rocky Mt. Sew. Wks. Ass’n............. 29 | 1 | 5 1 — 
San. Engr. Div. of the Arg. Society of Engrs. | | — 23 -- 23 
Sew. Div.-Tex. Sec., S. W. W. A........... 24 | - 11 20 - 16 
The Can. Inst. on Sew. & San.............. Lt | 2 44 5 39 — 
The Inst. of Sew. Purif.-Eng........... a: 105 | — 16 16 -— — 
The Inst’n of San. Engrs.-Eng............ 51 | t 12 —- 8 
| 2520 | 48 | 600 460 | 257 | 117 
aes | 117 
| 2472 Net Membership | 140 Gr. Iner. 








There has been an increase in dues received by the Secretary-Treas- 
urer and forwarded to the Business Manager over the preceding year 
of $216.25. The total received amounted to $3,314.75, distributed as 
appears in the table below. The petty cash account of the Secretary- 
Treasurer for stamps and miscellaneous office expenses amounted to 
$27.55. 

Two affiliates have changed their names during the year, viz. Ari- 
zona Sewage Works Association to Arizona Sewage and Water Works 
Association; and Georgia Water Works and Sewage Operator’s As- 
sociation to Georgia Water and Sewage Association. 
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| | 
For | For For | = | : 
| 1937 | 1938 | 1939 | ies | Refund 

= = eee ea ——— 

| = 
Arizona 8. & W. Wks. Ass’n... é (Paid dues direct to Mr. Buffum) | 
California S. Wks. Ass’n.. . | $ 1.50 |$ 378.00] $ |$ 379.50| $ 6.00 
Cent. States S. Wks. Ass’n.. | 1.50} 636.75 | | 638.25 | 
Dakota W. & Sew. Wks. Ass’n.... 55.50 | 55.50 | 
Federal Sew. Research Ass’n..... | 79.50 | 79.50 | 
Ga. W. & Sew. Ass’n.. | (Paid dues direct to Mr. Buffum) 
Iowa Wastes Disp. Ass’n...... . | 61.50] 25.50] 87.00 
Kansas W. & 8. Wks. Ass’n. | 12.00 | | 12.00 | 
Md.-Del. W. & S. Ass'n... | | 42.00 | 42.00 | 
Michigan 8. Wks. Ass’n.... 3.00 145.50 | | 148.50 
Missouri W. & 8S. Conf. (Paid dues direct to Mr. Buffum) | — 1.50 
New England S. Wks. Ass’n.. 4.50 | 217.00 | 221.50] 4.50 
New Jersey Sew. Conf. Gr. | 84.50 | 1.50 | 96.00 | 
N. Y. State S. Wks. Ass’n.... | 16.50 | 775.50 | | 792.00} 3.00 
N. Carolina S. Wks. Ass’n..... — | 83.00 | | 83.00 | 
Ohio S. Wks. Conf. Gr.... | 160.50 | | 160.50} 1.50 
Oklahoma W. & 8S. Conf. | 3.00 | 3.00 
Pacific N. W. 8. Wks. Ass’n. | (Paid dues direct to Mr. Buffum) 
Pennsylvania 8. Wks. Ass’n. | 4.50 273.00 | 277.50 6.00 
Rocky Mt. Sew. Wks. Ass’n.. . | 36.00 | 13.50 | 49.50 1.50 


(No 1938 subscriptions received from 
this group) 

Sew. Div.-Tex. Sec., 8. W. W. A. | 33.00| 1.50] 34.50] 

The Can. Inst. on Sew. & San.. 125.00 | | 125.00 

The Inst. of Sew. Purif.—Eng.. . (Paid dues direct to Mr. Buffum) 

(Paid dues direct to Mr. Buffum) 


San. Engr. Div. of the Arg. Society of Engrs. 


The Inst’n of San. Engrs.—Eng..... 


$31.50 | $3238.25 | $45.00 | $3314.75 | $24.00 


As authorized by the Board at its last meeting, the Nine Year Index 
was published in the September issue of Sewage Works JournaL. This 
comprises both the subject and author index of Volumes I-IX of Srw- 
AGE Works JourNAL. This should be of great value to our members 
and subscribers. 

The 10th Anniversary Volume, prepared under the able editorship 
of Langdon Pearse, is ready for distribution. Its appearance is 
awaited with interest, since it not only signalizes the Federation’s Tenth 
Anniversary, but its text, prepared by 33 well-known engineers and 
sanitarians, is expected to cover a wide range of endeavor in the field of 
sewage and industrial waste disposal. 

The record of the Federation for its first ten years is a creditable 
one. Its need has been demonstrated by its consistent growth—a six- 
fold increase in ten years. For the past two years it has been self-sup- 
porting. The excellence of the Spewack Works Journat is everywhere 
admitted, its circulation extending into many foreign lands. In a num- 
ber of states training of plant operators is provided by excellent Short 
Course Schools or by sectional group meetings. The yearly or some- 
times oftener held meeting's of the affiliates continue to attract the mem- 
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bers in increasing numbers and afford an excellent medium for the 
widening of knowledge in this field. 

The past augurs well for the future. However, each Association . 
should strive to retain its old members as well as to attract new ones. 
In 1938 nearly 500 members did not renew membership, equivalent to 
nearly one-fifth of last year’s net membership. This seems too great 
a loss to overlook. 

Further expansion may be found possible by way of new affiliates 
in those states not yet organized. 

H. EF. Mosss, 


Secretary-Treasurer 








Reviews and Abstracts 


H. W. Streeter 





THE KESSENER BRUSH AERATION PROCESS 
Results of Operation at Stockport Sewage Disposal Works 


By A. R. Warp 


The Surveyor, 95, 345-347 (Mar. 3, 1939) 


Due to an increase in the estimated dry weather sewage flow at Stockport during 
the plant construction period (1922-1934), it became necessary to provide increased 
aeration. It was decided that the simplest solution was to recondition the sludge and 
adopt some form of preliminary treatment. In the original plant Haworth aeration 
units were used. After careful consideration of various methods of forced aeration, the 
Kessener brush type of unit was selected for the new extension to the plant. 

In the two new units aeration is effected by ten rows of stainless steel combs. These 
combs are stamped from 26 S8.W.G. chromium-nickel, stainless steel with a brinell hard- 
ness of 440. Overall diameter of combs, in position on the shafts, is 12% in. Unit ] 
can only be used exclusively for the reconditioning of the sludge. Unit 2 was designed 
for partial treatment, but provision was made to allow its use as a separate unit, so that 
its efficiency could be compared to the Haworth units. 

From Jan. 21, 1938 to Mar. 10, 1938 (seven weeks) representing winter conditions, 
and from July 22 to Oct. 16 (12 weeks), Unit 2 was operated as a separate aeration unit. 
During these periods flow was 750,000 g.p.d. (at the rate of 900,000 g.p.d. in the day 
and 600,000 g.p.d. at night). Loading on the Haworth units was proportional. Power 
consumption per m.g. of sewage treated during Feb., 1938, was: 


RIN MOO NEMA ORINAREIS 9 orien aiig sve d.aie vate. 0 dea Soa 25.3 k.w.h. or 33.73 h.p. 


CESS S05 111 16.79 k.w.h. or 23.39 h.p. 


indicating a saving of 33.24 per cent in power consumption for the Kessener units. 
Analytical results indicated rather better results from the Kessener units, as shown 
in the tabulation. 
Per CENT PURIFICATION 








| | 
| Ox. Absorbed from | | Albuminoid 
N/80 KMnO, in | Suspended Solids Nitrogen as 
4 Hrs. @ 80° F. | Ammonia 
Haworth Units....... MR ran .| 79.9 | 58.3 
Kessener Units....... ; a 81.5 | 58.3 








Retention time in Haworth units was 14.5 hours, in the Kessener units was 7.48 
hours. Sludge pumped for reconditioning was at the rate of 2.5 m.g.d. and the amount 
used in both units was the same—about 25 per cent by volume after one hour’s standing, 
and equal to approximately 2.5 grams per liter. 

During Aug., 1938, flow was controlled as for Feb., but in Sept. and up to Oct. 16, 
volume treated was in proportion to the flow. Sewage treated was weaker in the sum- 
mer months. Power savings and analytical results for these later periods are quite 
comparable to the results quoted for February, 1938, The author’s experience is that 
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the maximum quantity of sludge should be used that can be kept in reasonably good 
condition, this in turn necessitates a larger volume of return sludge for reconditioning 
as a more dilute sludge reacts far more readily than a denser sludge in the sludge re- 
conditioning unit. 

Partial Treatment.—Up to the middle of October, 1938, except when Unit 2 was 
used as a separate unit, all the sludge from Unit 1 was passed through Unit 2 either 
alone, for secondary treatment, or with varying quantities of tank effluent. In this 
period total volume passed through Unit 2 varied from 2.0 m.g. to 6.5 m.g./day and 
varied from straight sludge to a mixture of 2.0 m.g. of sludge with 4.5 m.g. of tank 
effluent. Based on oxygen absorbed figures only, the percentage purification varied from 
71.2 to 80.5 per cent. 

From the middle of Oct. to Dee., 1938, only a portion of the sludge from Unit 1 
was admitted to Unit 2, the remainder being by-passed to meet the effluent from Unit 2. 
The author has worked out a factor ealled the work done factor which takes into ac- 
count the volume treated. This factor is used to evaluate the work done by Unit 2. 
The faetor is [(Oxygen absorbed of tank effluent) — (Oxygen absorbed of settled pre- 
treated liquor)] X (Volume treated in hundreds of thousand gallons). This figure is 
believed to be far more valuable than per cent purification. Similar factors are obtained 
for albuminoid ammonia and B.O.D. Results for Unit 2 during December, 1938, show 
the application of this factor: 

















Ox. Absorbed from Albuminoid 
N/80 KMn0O,j in Nitrogen as B.O-.D: 

4 Hrs. @ 80° F. Ammonia 
Per Cent Purification......... 56:3 12.0 63.3 
Work Done Factor............| 132.9 3.94 653.0 





Since the Kessener units have been in use, monthly percentage purification, based 
on oxygen absorbed have been raised approximately 10 per cent. Power used for 
sludge reconditioning was very low. During Dee., 1938, 76,787,000 gal. of sludge were 
treated in Unit 1 and power used was 164.8 units per m.g., or about 6.83 k.w.h. per m.g. 
or 9.15 h.p. per m.g. 

Unit 2 was used under storm conditions to give partial treatment to the storm water 
in excess of three times the dry-weather flow. Improvement made by this treatment 
compared to plain settling is shown in the tabulation. 


























Ox. =—e Volume Treated, Gallons 
No. 2 Kessener 
Date fluent from Unit Effluent ee No. 2 Kessener 
Storm Tanks Partial a Mer Unit 
Treatment 
eee 2.74 1.24 1,445,000 5,112,000 
DOES (EEN ase ree > 3.52 1.40 3,418,000 5,164,000 
MOR i id 28s ey, 3.09 0.99 3,787,000 4,900,000 
DOE, Eee Re 4.73 2:02 754,000 4,990,000 
Dee. 29 5.68 1.40 3,173,000 4,988,000 





The conclusion reached is that the Kessener Brush is extremely efficient and eco- 
nomical and in the case of Stockport has improved the quality of the final effluent. 
F. E. DeMarini 
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SEWAGE DISPOSAL SCHEMES 

Considerations Affecting Their Economic Design and Efficiency 
3y LAWRENCE J. BALL 

Borough Surveyor’s Office, Eastbourne 


Presented at Meeting of the Southern District of the Institution of Municipal and County 
Engineers, Reading, Jan. 24, 1939. Excerpts in The Surveyor, 95, 257-58, (Feb. 10, 1939) 


The majority of present-day sewage purification schemes are either for augment- 
ing the capacity of an existing works or for its replacement on a larger scale. Rapid 
urban development has overtaxed many plants of recent design, and the extent to which 
an existing works can be retained is a primary consideration in any proposed scheme 
on account of the opposition that would probably be encountered in the scrapping of 
an old plant while its loan period is unexpired. The selection of the plant site is often 
dependent upon the line and grade of existing outfalls and general development features, 
and also upon the sometimes prohibitive cost of long outfall extensions, extra pumping, 
ete., to a more desirable site. 

Improvement of Existing Works.—In this connection it is necessary to determine if 
all the plant units are equally overtaxed, and thus decide if additional works are re- 
quired in parallel with the old works, or whether the old works can be improved. The 
open or closed septic tanks used in the older plants might be altered to serve as sedi- 
mentation tanks and this, as the records show, would increase the capacity of the bae- 
teria beds about 15 per cent. The deficiency in existing sedimentation tanks could be 
overcome by additional tanks in parallel or series, mechanical flocculation, and for a 
works serving over 50,000 population, a mechanically scraped primary unit might eco- 
nomically reduce hand-cleaning costs. Contact beds, depending upon their lay-out and 
design, might be used as rectangular percolating filters with traveling distributors, as 
storm-water tanks, or without removing the old medium as sludge-drying beds. The 
efficiency of percolating filters might be inereased by double filtration but this would en- 
tail additional expenditure on pumping and structural additions. Where the sewage 
flow would not increase or change in character appreciably the beds might be assisted by 
adding a partial activated sludge process. The improvement of properly designed humus 
tanks would be difficult, and usually new tanks or additional capacity in parallel would 
be necessary. 

Design of New Works.—tThe choice of site is usually limited, and the following fac- 
tors should be considered : 


(a) Proximity to: 
1. The point where purified effluent might be discharged. 
2. Electricity, water services, and roads. 

(b) Ground levels. 

(c) Subsoils. 

(d) Subsoil water level. 


The probability that industrial wastes may be added by new industries should be 
considered. In selecting the method of treatment, the size of site, ground configuration 
and ground-water level, the quantity and strength of sewage, the sewerage system, the 
degree of purification required, seasonal fluctuation of flow, cost of electrical power, and 
probably future development should be considered. The use of power-operated me- 
chanical devices should be limited by the lowest dry-weather flows of medium strength 
sewage as follows: 





Detritus elevators (“combined” sewerage system only).............-. .. 34 mg.d. 
Screen rakes (single unit, hand-cleaned by-pass)................--++++00- 16 m.g.d. 
Sereen rakes (multiple all-mechanical units)............ Peete A eee 114 m.g.d. 
Screenings macerator.......... OT se ee ree eet, eae: 2 mg.d. 
Primary sedimentation sludge scraper (circular tank).................--. 14 m.g.d. : 


9 


Secondary sedimentation sludge scraper and scum skimmer (rectangular tank) 3. _m.g.d. 
Humus scraper (floor and sides, circular tank).................000+20 005 14 m.g.d. 








9 
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Vol. 1 i, No. 


Normally the cost of collecting gas for generating power was uneconomic for 
works treating less than 2,500,000 (Imp.) gal. daily dry-weather flow from 75,000 per- 
sons, but this depended upon the cost of power from the mains. The degree of purifi- 
cation required is due principally to locality and to the condition of the stream, ete., 
receiving the effluent. When the effluent is discharged into the tidal reaches of some 
rivers plain sedimentation and barging sludge to sea may suffice, while in other cases 
an effluent with a five-day B.O.D. not exceeding 20 p.p.m. may be required. Large sea- 
sonal variations in population may determine the most economic type of treatment, such 
as activated sludge treatment where low capital costs are more important than short 
period high-operation costs. 

In the construction of percolating filters attention should be given to double filtra- 
tion and dilution methods, and also to the most suitable media for use in the beds. The 
following table was presented to show the comparative values of filter media: 





















Material 
Desirable Property | | | p 
Granite | Porphyry | Clinker | Slag — al 
Durable | Very good | Best Unreliable | Free lime may | Proved satisfac- 
: | | slake. Known tory over 20 
to have burst years 
| walls of bed 
Low conductivity ....}| Not very satis- | Not very satis- | Fair Fair Best 
factory factory | 
High surface area/ 
volume ratio Good Good Best Very good Best 
Rough texture for 
film adhesion... Good Fair | Variable Fair Best 
High per cent voids | : 
in bulk 40 per cent 37 per cent Variable Ave. 45 per cent Best 48 per cent 
Low sp. gr...........] 1 cu. yd./ton 1 cu. yd./ton | Intermediate vari- | Intermediate vari- | Best 214 cu. yd./ 
| able able ton 








No tendency to pack | 


| Appreciable if dis- | Appreciable if dis- | Best, negligible 





| 
in use Slight, encour- | As for granite 
| aging ponding integration takes | integration takes 
| | | place | | place | 
Cost/eu. yd |6s to 15s, ac-|6s to 15s, ac- | Varies with qual- | Varies with qual- | 15s to 17s 6d ac- 
| cording to lo-| cording to lo- ity and locality | ity and locality cording to lo- 
| cality cality | cality 





The following conditions should be sought in works employing sludge digestion 


without gas collection : 


Avoidance of short circuiting. 

Good dewatering arrangements at varying levels. 

Minimum surface/volume ratio including tank surfaces, for heat conservation. 
Interchangeability of tanks. 

Adaptability for gas collection at a later date. 


(1) 
(2) 
(3 

(4) 


{oO 


Short cireuiting may be eliminated by two-stage digestion when tank feeds are 
tangential at mid-depth. A series of downward opening penstocks, or tappins at vari- 
ous levels may suffice for dewatering. Minimum surface/volume ratio is approached 
by cireular tanks, with vertical sides approximately two-thirds diameter in height and 
30 deg. bottom slopes. 

Insufficient sludge bed capacity may cause acute difficulties for works managers in 
inclement weather, but the use of roughly tamped concrete floors at slight falls would 
greatly improve drainage at reasonable cost. 

Large areas of grass on lawns and steep banks took a disproportionately large share 
of maintenance costs. The planting of shrubs such as cotoneaster horizontalis created a 


pleasing effect and only required occasional weeding. 


S. G. MoNnROoE 








as ae 
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ANNUAL REPORT ON THE SEWAGE PURIFICATION WORKS 
FOR THE YEAR ENDED MAY 31, 1938, CORPORATION OF 
GLASGOW, SCOTLAND 


By ALEXANDER HUNTER 


Pamphlet (20 pages) 


During the year an average of 1614, m.g.d. of sewage from the eastern purification 
area was treated by chemical precipitation with alum and lime at the Dalmarnock Works. 
Forty-one per cent of this was given further treatment on percolating biological filters. 
The total production of sludge (176,379 tons) was forced through a 9-in. cast iron main 
by compressed air to the Shieldhall sewage works (distance 644 miles) at a cost of 1.30 
d. per ton. An experimental Simplex activated sludge plant of 42 m.g.d. capacity was 
in continuous operation during the year. A new enclosed aeration filter (18 ft. deep by 
52 ft. in diameter to treat 44 m.g.d. of sewage was constructed and put into commission. 

At the Dalmuir Works an average of 384 m.g.d. of sewage from the western puri- 
fication area was treated by chemical precipitation. The sludge (318,817 tons) from 
the precipitation tanks was conveyed a distance of 31 miles to sea by the two sludge 
steamers at a cost of 6.73 d. per ton. 

The Shieldhall works treated an average of 17 m.g.d. of sewage from the southern 
disposal area and produced a total of 440,786 tons of sludge. This sludge was disposed 
of at sea at a cost of 5.6 d. per ton. The old sludge pressing house is being demolished 
and the plant and machinery disposed of. Arrangements are being completed for the 
installation of a Mieder mechanical sludge scraper, suitable for removing sludge from 
five precipitation tanks each 300 ft. long by 60 ft. wide. Plans are being prepared for 
a new detritus chamber and contracts for mechanical screening gear and other equipment 
have been let. 

Tables of analyses of the sewage and effluent at each of the above works are ap- 
pended, also a table showing the quantities of chemicals used during the years. The 
percentage reduction in albuminoid ammonia obtained at these works varied from 31.9 to 
42.3 per cent at Shieldhall and Dalmuir to 61.5 to 72.5 per cent at Dalmarnock. The 
corresponding percentage reductions of the oxygen absorbed were 27.5 to 31.3 for Shield- 
hall and Dalmuir and 46.3 to 57.5 at Dalmarnock. 

C. C. RucHHorr 


DETROIT PRIMARY TREATMENT PLANT NEARS COMPLETION 


By ArtHuUR B. MorriLu 


Municipal Sanitation, 10, 32-34 (Jan., 1939) 


Since the International Joint Commission started a survey of Canadian boundary 
waters in 1915, the pollution of the Detroit River has been a local and international 
problem. Financial, legal and administrative difficulties have long delayed construction 
of the Detroit sewage treatment plant. This delay of the principal offender has led to 
general retardation in action by other communities along the Detroit and St. Clair rivers. 
A sewage treatment plant for Detroit is now nearing completion and will be put in 
operation some time during 1939. In point of population and sewage flow provided for, 
this plant will be one of the world’s largest. Because of its large size and the fact that 
no secondary treatment is required, the cost will be unusually low. The site is large 
enough to provide primary treatment for 4,000,000 people. The sedimentation tanks 
and most other features are designed for a population of 2,400,000 in the year 1950. 

Eventually there will be 8 pumps with a maximum capacity of 2,000 c.f.s., the same 
as the interceptors and outlet conduit. As some of the pumps will be needed only in 
times of storm, no reserve pumping capacity is to be provided. Under maximum flows, 
two pumps will handle 300 ¢.f.s., four 250 ¢.f.s. and two 200 ¢f.s. All of the pumps 
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are to have constant speed synchronous motors, variable speed pumps not being needed 
because of long storage in the intercepting sewers. 

After leaving the pumps the sewage will pass through a battery of eight grit cham- 
bers, each receiving the discharge of one pump. The velocity of flow will be close to 
one foot per second under all conditions of operation. The screens are to be mechanically 
cleaned. Immediately before each grit chamber is a mechanically cleaned bar rack with 
34 in. spaces. Screenings and rakings are to be carried on belt conveyors to incinerators. 

The sewage will next be treated in eight sedimentation tanks of unusual size, each 
with a capacity of 52.5 m.g.d. with a nominal detention period of 1.5 hours. At the 
maximum rate of flow in 1950, this time will be reduced to 51 minutes. The tanks are 
unusual in that they are covered with a low concrete slab roof and divided by continuous 
concrete walls into separate flow channels 16 ft. wide, 14 ft. deep and 272 ft. long. 
There are seven sewage channels in each tank. Provision is made for chlorination before 
or after sedimentation. 

The outlet conduit from the plant has been completed and filled with water. A 
temporary clay blanket, placed on the river bottom to safeguard construction of the con- 
duit, has now to be removed. Of the 6,000 ft. of conduit, 400 ft. is under the river and 


the remainder under land. 
H. W. STREETER 





THE DETROIT SEWAGE TREATMENT PLANT 


By CLARENCE W. HUBBELL 


Civil Engineering, 8, 667-669 (Oct., 1938) 


The Detroit Sewage Treatment Project includes intercepting sewers, a pumping 
station, racks, grit chambers, plain sedimentation tanks, sludge digestion, and elutriation 
tanks, sludge filters, incinerators for raw and digested sludge, screenings and grit. Pro- 
vision is also made for chlorination of the effluent. 

The intercepting sewers are designed and built to serve an ultimate population of 
4,000,000 and have a maximum capacity of 2,000 cu. ft. per second. The average per 
capita flow is estimated at 175 gal. per day. A surge basin of 14,400 cu. ft. capacity is 
provided for protection of structures and equipment in the interceptors and plant, and 
to prevent street flooding through manholes. 

A cireular pumping station with outside diameter of 113 ft. will be equipped with 
eight motor-driven centrifugal pumps. The average lift is about 30 feet. The present 
plant installation will serve a population of 2,400,000 and an average flow of 420 m.g.d. 
as of 1950. 

The rack sereens, with net openings of °4 in., are mechanically cleaned. There are 
eight grit chambers, each 160 ft. long by 16 ft. deep. The width varies with the ¢ea- 
pacity of pump served, to give an average velocity of 1 ft. per second. Screenings are 
to be ground and returned to the sewer. Grit is to be incinerated. An average removal 
of 21 eu. yd. of screenings and 62 cu. yd. of grit per day is expected. 

The sedimentation tanks are 272 ft. 8 in. long, 16 ft. wide, and 14 ft. deep, and will 
provide an average detention period of 14% hours. There are eight units of seven tanks 
each, and each is covered with low slab, sod-covered roofs. The effluent from these tanks 
will be treated with an estimated. average of 10 p.p.m. of chlorine, and then discharged 
into the Detroit River, through an 18 ft. diameter tunnel which terminates in a submerged 
crib located about 400 ft. beyond the harbor line. The crib is about 40 ft. deep and in 
swift flowing waters. 

Under the present plan of operation the raw sludge from the sedimentation tanks 
will be conditioned with lime and ferric chloride, dewatered by vacuum filters and in- 
cinerated. The estimated average production of sludge in 1950 will be 240 tons of dry 
solids per day. The quantity of sludge cake to be incinerated is estimated at 922 tons 
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per day, which includes about 36.5 tons of residual solids from conditioning chemicals. 
The moisture content of the cake is estimated at 70 per cent. The production of ash will 
be 125 tons per day. Twelve vacuum filters of the blow-back scraper type are provided, 
each with 500 sq. ft. of effective filtering area. Four incinerator units of the circular 
multiple-hearth type, with a total capacity of 1,200 tons per day, will be installed. This 
incinerator capacity is deemed adequate for a population of 2,400,000 on the basis of 
incinerating raw sludge, and for an ultimate population of 4,000,000 on the basis of in- 
cinerating digested sludge. 

The original project called for eight digestion tanks, each 105 ft. in diameter and 
42 ft. in depth, and also an elutriation plant prior to dewatering and incineration. Be- 
cause of lack of funds, only one digestion tank and one-eighth of the elutriation plant 
are to be built at this time. 

The revised estimated cost of the entire project as of September 1, 1938, is $22,635,- 
000, of which $19,030,000 is for construction and the remainder for preliminary costs, 
land and engineering. 


S. G. Monror 


DETERMINATION OF DISSOLVED OXYGEN 
Rideal Stewart and Alsterberg Modifications of the Winkler Method 


By C. C. RuchHyorr, W. ALLAN Moork, AND O. R. PLACAK 


Ind. Eng. Chem., 10 (1938) 


The samples of water used for the comparative determination of dissolved oxygen 
by these two methods were collected along the Scioto River from Columbus to a point 
approximately 115 miles south. The samples were collected simultaneously in two 
standard 300 ml. bottles contained in a standard sampling apparatus. The bottles were 
tightly stoppered and transported to the laboratory at Chillicothe, Ohio, where the dis- 
solved oxygen was determined. The maximum elapsed time between the collection of the 
samples and their analysis was three hours. 

The Rideal-Stewart modification of the Winkler procedure as given in Standard 
Methods was used on one set of samples while the following azide modification was used 
on the other: 


“To the sample of water in a standard 300-ml. bottle, 0.7 ml. of concentrated sul- 
furie acid is added, followed by 0.8 ml. of a 2.0 per cent aqueous solution of sodium 
azide. The bottle is stoppered, the contents are mixed by shaking, and the bottle is al- 
lowed to stand for 10 minutes. One milliliter of manganous sulfate solution and 3.0 ml. 
of alkaline potassium iodide solution are next added and the sample is shaken for 20 
seconds. Following this the precipitate is allowed to settle and the sample is acidified 
with 2.0 ml. of concentrated sulfuric acid. The liberated iodine on a volume of solution 
equivalent to 200 ml. of the original sample is titrated immediately with 0.025 N sodium 
thiosulfate, using starch indicator.” 


In order to be sure that the azide-nitrite reaction has been completed the 10-minute 
period of standing should be used before the Winkler reagents are added. When high 
nitrite concentrations are encountered (4.0 p.p.m. or above) the manganous hydroxide 
floc has a tendency to rise due to the entrainment of free nitrogen. This may be elimi- 
nated by shaking the bottle vigorously a second time, whereupon the nitrogen is disen- 
gaged. 

Four hundred and eleven pairs of samples were analyzed by these two methods. 
The results obtained show that the azide method gives on an average a slightly higher 
dissolved oxygen content than the Rideal Stewart modification. The comparative figures 
are given in the following table: 
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7 H CoMPARISON OF DISSOLVED OxYGEN RESULTS ON 411 Scioro RiveR SAMPLES 

] f (Sodium Azide and Rideal Stewart Modifications of the Winkler Method) 

—_ a os ova = ae 

r Mean Dissolved Oxygen 

S 

Sampling Station a Sodium Azide || Rideal Stewart 

7m Samples eee ele Ae Na Deviation, 
Modification, Modification, P 

2 P.p.m. P.p.m. seis 
00) (hs 60 ere 38 7.50 “26 0.24 

| Shadeville............ | 39 3.16* 2.94* 0.22 
Commercial Point..... | 38 3.11F 2.91f 0.20 
South Bloomfield. ... . | 42 2.42 2.23 0.19 
ed Pe so ao.c.0k0 oss 38 3.47 3.34 0.13 
Circleville... ....2..-. 38 4.53 4.34 0.19 
Penn. R. R. Bridge. . 38 4.44 | 4.10 0.34 
Kellenberger......... .| 23 | 4.51 | 1.23 0.27 
Chillicothe. ........ 13 | 6.54 6.20 0.34 
WD os oe seu eses 10 6.36 | 6.10 0.26 
Serer aes 13 | 6.44 | 6.16 0.28 
WANENIV, 4c s6 ck =e 10 730 | 7.04 0.28 
Lueasville........ eal 10 | 7.60 | 7.37 0.27 
Paint Creek.......... 22 | 7.38 | 7.10 | 0.28 
Miscellaneous........ .| 39 | 6.93 | 6.63 | 0.30 


* Thirteen samples were 0.0 by each method and were not included in this average. 
+ Six samples were 0.0 by each method and were not included in this average. 


A comparison of the 5-day B.O.D. at the various stations with the dissolved oxygen 
results obtained by the two methods does not suggest any correlation between the mean 
5-day B.O.D. at any station and the mean deviation of the dissolved oxygen as deter- 
mined by the two methods. 

The azide method is shown to be very effective in the destruction of nitrites; in only 
one case of the 411 determinations did the starch-iodide color return. The slightly lower 
results obtained by the Rideal-Stewart modification are ascribed to the oxidation of or- 
ganie matter during the permanganate treatment. The azide method is one step shorter 
than the Rideal Stewart modification in that it is not necessary to destroy the excess 
sodium azide added, whereas the excess of permanganate must be destroyed with oxalate 
before the Winkler reagents are added, which step introduces other sources of error. 


W. A. Moore 


EXPERIMENTS ON TREATMENT OF CANNERY WASTES 


Anon. Public Works, 70, 10 (Jan., 1939) 


Experiments were made by the Wisconsin Canners Association, the National Can- 
ners Association and the Wisconsin State Board of Health during the summer of 1938, 
on the treatment of pea, corn, beet, tomato and carrot canning wastes. All experiments 
were made on screened wastes, as experience has indicated efficient screening is the first 
and most important step in handling wastes of this type. Sereening was done by means 
of a rotary screen covered with 40-mesh wire and equipped with an efficient rotary spray 
for washing. Further treatment was by either chemical treatment or by biological 
treatment comprising repeated passes of the waste through a high rate trickling filter 
filled with a ceramie filtering media. The experimental work indicated that satisfactory 
chemical treatment was lower in first cost, but higher in operating cost than biological 
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treatment on trickling filters. The filters, however, required a preliminary conditioning 
period of about ten days before effective results were obtained. This “ripening ” period 
is a material handicap to the use of a biological filter in the treatment of cannery wastes 
although under special circumstances the necessary growth on the filter media could be 
built up by the use of some other waste prior to the canning season. 

The objective of chemical treatment is to obtain an effluent with a pH not less than 
9.6, giving a sludge that dries quickly on the beds, usually cracking within 12 hours and 
becoming removable within four days. The pH of the fresh raw wastes closely ap- 
proximates that of the water used, but decreases on storage, particularly in hot weather, 
necessitating prompt treatment and disposal of the effluents. 

Work on pea cannery waste showed that the previously developed chemical treat- 
ment with lime and ferrous sulfate gave the best results. Substitution of alum for 
ferrous sulfate gave nearly equal results. Silage juice from the pea vine stacks can- 
not be satisfactorily treated by the use of chemicals and the best method of disposal is 
by land irrigation. 

Beet canning waste is of a dark red color containing considerable dissolved organic 
matter and fine organic solids, together with sand and dirt. Practically all of the com- 
mon coagulants were tried, but the most effective chemical treatment consisted of the 
application of 10 Ib. lime and 4 lb. ferrous sulfate per thousand gallons yielding an 
orange or amber effluent free from suspended solids, and a reduction in B.O.D. of 59 
per cent. Lime alone as a coagulant will give the characteristic color change and is 
responsible for about 80 per cent of the reduction in B.O.D. but the addition of the 
ferrous sulfate increases the settling rate and gives greater clarification. Laboratory 
experiments using lime and zine chloride gave a reduction in B.O.D. averaging 89 per 
cent and a water white effluent but the dosages necessary are comparatively high in cost. 

The application of 8 to 10 lb. lime and 9 to 12 Ib. ferrous sulfate per thousand gal- 
lons of corn canning waste produced a B.O.D. reduction of about 60 per cent and a 
water-white effluent. It is important to add the ferrous sulfate in several steps, about 
three-quarters of the necessary amount being added in the first dose and the rest in small 
batches with continuous agitation. * Effective treatment is attained when the green floc 
becomes large and curd-like and settles rapidly. 

Sedimentation of tomato waste results in marked clarification. Further treatment 
can be best obtained by dosages of 4 lb. lime and 1 Jb. alum per thousand gallons re- 
sulting in a B.O.D. reduction of 50 per cent, but the precipitate is light and settles slowly. 

Carrot canning wastes can be satisfactorily treated by precipitation with 5 Ib. lime 
and 1 Ib. ferrous sulfate or with 8 Ib. lime alone per thousand gallons. Sufficient agi- 
tation should be provided to produce a medium size floe which will settle, leaving a light 
yellow effluent, with a reduction in oxygen demand of about 75 per cent. 

Biological treatment of beet, corn and tomato wastes was obtained by repeatedly 
passing them through a trickling filter at the rate of 458 gal. per sq. ft. per day (20 
m.g.a.d.). Six passes of beet waste accomplished a B.O.D. reduction of about 60 per 
cent; six passes of corn waste, a reduction of 75 per cent; and three passes of tomato 
waste a reduction of 65 per cent, with a clear, colorless effluent. Uniform dosing of the 


filter was essential. 
R. S. Smiru 





THE PRESENT TREND IN SEWAGE PURIFICATION 


By H. T. CALVERT 


J. Royal Sanitary Institute, 59, 547-558 (1939) 


The aim of sewage purification is to purify sewage to such a degree that in its later 
discharge it will not endanger health, create a nuisance, pollute rivers or bathing beaches, 
nor cause damages or hardships to users of river water below the point where the effluent 
is discharged. 
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In England in 1876, sewage was treated on sewage farms, by land filtration or by 
precipitation and chemical processes. From 1898 to 1915 these types of treatment had 
almost disappeared in favor of the newer artificial biological methods, such as contact 
beds and later percolating filters. 

The evolution of sewage treatment has been most rapid during the past 20 to 30 
years. Purificatién is now accomplished in several stages: the removal of suspended 
solids by sedimentation, the conversion of the non-settleable solids into settleable floes 
by coagulation or flocculation, and the oxidation of organic solids in solution. Chlorine 
is now being used for odor control, delaying septic action, cleansing percolating filters 
and sterilizing effluents. 

The paper is discussed by many authorities. 

Mr. H. C. Whitehead discusses bacteria beds. Corbett in 1892 showed that a per- 
colating filter bed could treat 350 gal. per cu. yd. per day. In 1921, O’Shaughnessy used 
the activated sludge process prior to treatment on percolating filters. Chemical treat- 
ment is now understood more fully, and has advantages for effecting increased clarifica- 
tion. Two unorthodox methods of operation of trickling filters are now being used; 
one, alternate filtration using two filters in series, and second, enclosed filtration with 
forced ventilation. O’Shaughnessy, and more recently the Water Pollution Research 
Board, in experimental work on milk wastes, have found it advantageous to dilute strong 
liquors with effluent prior to filtration. 

Mr. Arthur J. Martin said we may expect renewed competition between activated 
sludge and trickling filters as a result of recent work. He also hoped more study 
would be given to use of wet sludge on the land because of the content of humus, 
phosphates and substances of which the soil stood in need. 

Mr. H. D. Manning referred to the need for a central research station and urged that 
generous government grants should be made available for the purpose. 

Mr. A. P. I. Cotterrell mentioned his visit to large treatment works in America. He 
suggested that for England possibly smaller sectional works with regional control might be 
just as efficient. 

Mr. F. C. Temple suggested that sewage sludge and town refuse be composted to 
form humus so that the land which was formerly nourished with sewage could be fer- 
tilized by the humus. 

Dr. 8. H. Jenkins stated that whatever treatment was chosen for purifying sewage, 
micro-organisms played the most important role. Studies showed that in the upper 
part of a percolating filter, where purification was most effective, biological activity was 
greatest. 

Dr. A. Parker summed up the status of various types of sewage treatment. He re- 
viewed the research projects of the Water Pollution Research Board, which have ineluded 
experiment station studies of the disposal of beet sugar wastes, dairy wastes, and recently 
large-seale tests of the alternate-filter scheme of Dr. Jenkins, for which the Birmingham 
Board had provided four percolating filters, each with an area of 1,200 square yards. 
Other work had been carried on in various laboratories. It was hoped that a central 
research laboratory would be established within the next two or three years. 

Sir Albert Howard drew attention to the inadequacy of chemical analysis in esti- 
mating the value of organic manures. In some cases a unit of nitrogen in organic eom- 
bination sold for almost three times the market price of a unit of nitrogen in the form 
of sulfate of ammonia. The true value of the material could be determined only by 
application to land. 

Prof. W. W. Jameson, Dr. G. McGowan, Mr. Wm. Butler and Mr. David Ronald 
also spoke. 

H. Guapys Swope 
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TREATMENT AND DISPOSAL OF SEWAGE AND TRADE WASTE 
WATERS AND PREVENTION OF RIVER POLLUTION 


International Union of Local Authorities, Glasgow, September, 1938 
By A, PARKER ° 


Asst. Director of Water Pollution Research, British Government Dept. of 
Scientific and Industrial Research 


Dr. Parker reviews the history, legal status, methods of treatment and disposal of 
sewage, and methods of treatment of trade wastes. He discusses joint boards and ¢o 
operation and research. He confines himself almost entirely to the work in Great Britain. 

In Great Britain, the average quantity of domestic sewage is 20 to 30 gallons per 
capita per day, with a strength of 300 to 400 p.p.m. 5-day B.O.D. at 18 deg. C. 

Disposal of raw sewage by dilution is allowed if the ratio of raw sewage to the 
water is 1:500 volumes. With a dilution of 300 to 500 volumes the suspended solids 
discharged must not exceed 150 p.p.m.; if dilution is 150 to 300 volumes, suspended 
solids should not be greater than 60 p.p.m. As a general standard when dilution is low, 
complete biological treatment of the sewage is required so that the B.O.D. will not ex- 
ceed 20 p.p.m. and the suspended matter, 30 p.p.m. 

Horizontal continuous-flow sedimentation tanks are usually built for a capacity of 
not less than one-half the daily dry weather flow. Septic tanks usually have a minimum 
capacity of 1.25 times the daily dry weather flow. 

Chemical precipitation is not being used to any great extent in England at the pres- 
ent time. One interesting use of chemical treatment, however, is that at Bradford, where 
the sewage contains industrial soaps. Sulfuric acid is added to the sewage to separate 
the grease or fat from the soaps and causes coagulation of the finely-divided and col- 
loidal solids in the sewage. The sludge is then treated for recovery of the grease. 

Chlorine and other chemicals are used for odor control, prevention of excessive 
growths in filters, and for delaying septic action of the sewage. 

There are three principal methods of treatment of sewage on land: surface or 
broad irrigation, sub-surface irrigation, and filtration. A table showing the classes of 
soils, methods of working, and area required in acres per million gallons per day is given. 

Biological oxidation in filters may be either carried out in contact beds or perco- 
lating filters. For average strength, settled sewage in Great Britain, a contact bed is 
capable of treating 35 to 50 gallons per day per cubie yard. <A percolating filter can 
treat 70 to 80 gallons per day per cubic yard. 

Dr. Parker describes briefly five means of diffusing air in the activated sludge proc- 
ess: (a) porous plates, (b) mechanical surface aeration, (c) revolving brushes, (d) re 
volving paddles and (e) perforated pipes. 

Average domestic sewage in Great Britain requires an aeration period of from 5 
to 15 hours in order to produce a B.O.D. not greater than 20 p.p.m. in the final effluent. 
At the Birmingham, Tame, and Rea District Drainage Board, the settled sewage liquor 
is partially treated by activated sludge using an aeration period of two hours. The re- 
turn sludge is reaerated in a separate tank. The partially aerated effluent is purified in 
high-rate percolating filters. 

The problem of sludge disposal has not been satisfactorily solved. In Great Britain, 
10 to 20 tons of sludge (one ton, dry basis) is obtained per million gallons of average 
domestic sewage treated in primary sedimentation tanks. A few plants are digesting 
sludge in separate tanks and using the gas for power and heating. 

Methods of treating trade waste waters: All effort should be made within the in- 
dustry itself to use its waste products, thereby reducing the load on the sewers and in 
many cases making a saving to the industry in the recovery of by-products. Trade 
wastes may be divided into three groups: (1) those requiring the removal of suspended 
matter only, (2) those which require removal of suspended matter, but also contain pol- 
luting matter in solution, and (3) those containing polluting substances in colloidal dis- 
persion or in solution. The wastes in the latter two cases may require complete treat- 
ment but can usually be purified at the sewage treatment plant unless the volume is too 
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great or the wastes contain substances detrimental to the sewers or the sewage treatment 
process. 

Dr. Parker states that greater efficiency and economy ean be obtained by having 
joint sewerage schemes similar to the Birmingham, Tame and Rea District Drainage 
Board and the West Middlesex District. 

Research, too, should be better co-ordinated. Most of the work is now being done 
by individuals at sewage plants, universities and other organizations but without any 
attempt to co-ordinate their various problems. England has only one central organiza- 
tion—the Water Pollution Research Board, under the Government Department of Scien- 
tifie and Industrial Research. 

H. Guapys Swope 


(Note: The above pamphlet may be obtained in the U. 8S. A. at the Publie Adminis- 
tration Service, 1313 E. 60th St., Chicago, Illinois. Price, 60 cents). 





“SEWAGE PURIFICATION ” 


This is a new British publication, edited by Mr. B. Wyand in London. It is a 
monthly journal, published by the Technical Publishing Company, Ltd., 8 Breams Bldg., 
London E C 4. The price is 12 shillings per year. The technical editor is Mr. Reginald 
C. Shaw, who formerly worked under Mr. Garner, Chief Inspector, West Riding of 
Yorkshire Rivers Board, a past president of the Institute of Sewage Purification and 
one of the contributors to “ Modern Sewage Disposal.” 

The first issue contains messages of welcome from Dr. Calvert, Mr. J. B. Croll, Mr. 
J. H. Garner, Mr. Charles H. Ball and others; original articles, translations from 
Gesundheits-Ingenieur, and papers presented at the Institute of Sewage Purification 
meetings. Two articles from the new journal are abstracted herewith. 

Although this journal apparently has the support of the Institute of Sewage Puri- 
fication and other English technical societies, it is not the official publication of any 
society but a commercial undertaking. 


A REVIEW OF PROGRESS IN SEWAGE TREATMENT 


By W. D. HawortH 


Sewage Purification, 1, 8-13 (1939) 


Mr. Haworth deseribes developments under the following headings: area occupied 
by works, screens and detritus tanks, sedimentation tanks, sludge digestion, comparison 
of the Imhoff tank with separate units, bio-aeration processes, filters, sludge drying, and 
various chemical processes. 

The use of filters for treating sewage has greatly reduced the area required, as com- 
pared with land treatment, and the new aeration processes have reduced the area re- 
quired still further. 

For the small works no great progress is shown in screen design for those hand 
raked. For mechanically operated screens several designs are available. 

The most popular sedimentation tank in England, the Dortmund inverted-pyramid 
settling tank, with central baffled inlet and hydraulic sludging arrangement, is still emi- 
nently satisfactory. 

Separate digestion of sludge is employed at most works, the digestion tanks being 
equipped with stirring devices and peripheral heating coils to maintain a temperature of 
80 deg. F. The capacity provided is usually 3 eu. ft. per capita. A diagram is shown 
and a description given of the compact design of settlement and sludge digestion tanks 
at the Kastleigh works. 

The biological filter or bacteria bed is generally found in use for a part, at least, 
of the settling tank effluent even though aeration processes are used. 

Most sludge is dried on beds but where sludge pressing is used it is found advan- 
tageous to add lime to the sludge at the time of pressing. 
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I. PAST AND PRESENT LEGISLATION 





TRADE EFFLUENTS. 
By JOHN HURLEY 


Sewage Purification, 1, 16-19 (1939) 


Past Legislation. The Public Health Act of 1875 was an endeavor to care for in- 
dustrial wastes but the statutory obligations of Local Authorities concerning such wastes 
were so vaguely defined and so modified by provisos as to be easily avoided. 

Another law, which was a step in advance, was the Rivers Pollution Prevention Act 
of 1876. This too, was weakened by numerous provisos so that the Third Report (1903) 
of the 1898 Royal Commission on Sewage Disposal expressed the opinion that it should 
be the duty of the Local Authority to provide sewers for trade wastes. In the Commis- 
sion’s ninth report (1915) they suggest the right of the Local Authorities to make a 
charge for carrying the trade effluents in sewers. 

In 1927, a Joint Advisory Committee on River Pollution was set up to relieve the 
chaotic position regarding trade wastes. The views of this Committee were published in 
their second report (1930). The main conclusion was that the Local Sanitary Authori- 
ties should be under general obligation to take and dispose of the trade effluents of their 
districts. The Local Authority would have the right to require treatment of the trade 
effluent prior to disposal into the sewer, if necessary. 

Present Legislation. The Public Health (Drainage of Trade Premises) Act, 1937, 
is of outstanding importance. The Local Authority may make by-laws regarding the 
discharge of trade wastes. He may be required to do so by the Minister of Health. 
Such by-laws may cover: (1) time of discharge of trade waste to sewer, (2) exclusion of 
condensing water, (3) elimination of any constituent of the waste which might alone 
or in combination with other wastes be detrimental to the sewer or sewage treatment 
plant or to a stream into which it may later be discharged; (4) the amount of waste 
which may be discharged at any one time, (5) temperature and pH of the waste, (6) 
charge for carrying such waste into the sewer, regard being had both to the volume and 
composition of the waste; (7) provision and maintenance of a man-hole so that samples 
of waste may be obtained and (8) meters for measuring the volume of the waste. 

Before any trade waste is discharged to a sewer the Local Authority must be noti- 
fied and the industry must give the following information regarding such waste: (1) 
nature or composition, (2) maximum quantity discharged in any one day and (3) high- 
est rate of discharge. Consent of the Local Authority is: necessary before discharge of 
waste into the sewer. 

In Section 7 of the Act, the Local Authority may enter into agreements with owners 
or renters of trade premises for the reception and disposal of the waste by the Local 
Authority. The agreement may provide for the construction of a treatment plant by 
the Loeal Authority and for the repayment by the owner or renter of the premises of 
a whole or part of this expense to the Local Authority. 

As a whole the Act is workable but it is unfair in one respect. If an Authority has 
refused to accept a waste but is now compelled to take it, the Authority can set up by- 
laws to govern this discharge and may charge for its services. On the other hand if an 
Authority has accepted a waste, it exercises very little control over the discharge of this 
waste. Section 12 of the Act, however, gives the Minister of Health the power to amend 
local Acts so as to bring them into conformity with the new Act. 

H. Guapys Swore 
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Federation of Sewage Works Associations 





OFFICERS OF LOCAL ASSOCIATIONS 


Arizona Sewage and Water Works Association 


President: Bernard J. MeMorrow, Phoenix. 
First Vice-President: A. L. Frick, Los Angeles, Calif. 
Second Vice-President: Phil J. Martin, Tucson. 
Secretary-Treasurer: P. E. Mauzey, Phoenix. 
Representatives, Board of Control: Dario Travaini, Phoenix; John A. Carollo, 
Phoenix. 
California Sewage Works Association 


President: Alexander Bell, San Francisco. 

First Vice-President: H. G. Smith, Los Angeles. 

Second Vice-President: Harold F. Gray, Berkeley. 

Secretary-Treasurer: R. R. Ribal, Oakland. 

Directors: J. F. Smith, San Francisco; J. F. Byxbee, Palo Alto; A. M. Rawn, Los 
Angeles; B. D. Phelps, San Diego; Carl F. Tennant, Long Beach. 

Representatives, Board of Control: J. H. Van Norman, El Segundo; A. C. Beyer, 
San Francisco. 


Central States Sewage Works Association 


President: G. J. Schroepfer, St. Paul, Minn. 

First Vice-President: B. A. Poole, Indianapolis, Ind. 

Second Vice-President: C. C. Larson, Springfield, Il. 

Third Vice-President : George Martin, Green Bay, Wis. 

Secretary-Treasurer: W. H. Wisely, Springfield, Il. 

Representatives, Board of Control: W. W. DeBerard, Chicago, Ill.; James L. Ferre- 
bee, Milwaukee, Wis. 


Dakota Water and Sewage Works Conference 


Nort DaKxora SECTION 
President: William Yegen, Bismarck. 
Vice-President: R. M. Jensen, Grand Forks. 
Secretary-Treasurer: M. D. Hollis, Bismarck. 
Directors: 8. G. Calvelage, Jamestown; Fred Waterous, Minneapolis, Minn. 


SoutH Daxota SECTION 
President: KE. H. Schulz, Watertown. 
Vice-President: C. R. Price, Rapid City. 
Secretary-Treasurer: W. W. Towne, Pierre. 
Representatives, Board of Control: M. D. Hollis, Bismarck, N. D.; W. W. Towne, 
Pierre, 8. D. 
Federal Sewage Research Association 


President: O. C. Hopkins, San Francisco, Calif. 

Vice-President: F. J. Moss, Washington, D. C. 

Secretary-Treasurer: V. B. Lamoureux, Cincinnati, Ohio. 

Members, Executive Committee: Chas. T. Wright, Washington, D. C.; W. G. Strom- 
quist, Chattanooga, Tenn. 

Representatives, Board of Control: A. P. Miller, New York City; C. T. Wright, 
Washington, D. C. 
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Georgia Water and Sewage Association 


President: Lloyd L. Jacobs, Newman. 

First Vice-President: Clark W. Jones, Dalton. 

Second Vice-President: L. D. Cannon, Warm Springs. 

Secretary-Treasurer: Paul Weir, Atlanta. 

Representatives, Board of Control: Gilbert R. Frith, Atlanta; Lewis Simonton, 
Carrollton. 


Iowa Wastes Disposal Association 


President: Elmer E. Dye, Mason City. 

Vice-President: George C. Ahrens, Des Moines. 

Secretary-Treasurer: Lindon J. Murphy, Ames. 

Directors: Harry Horton, Osceola; Leo Holtcamp, Oskaloosa. 

Representatives, Board of Control: KE. L. Waterman, Iowa City; A. H. Wieters, Des 
Moines. 


Kansas Water and Sewage Works Association 


President: H. L. Lingo, Horton. 

Vice-Presidents: R. R. Sparks, Troy; W. O. Myers, Ottawa; F. A. Rathert, Junction 
City; A. F. Regier, Moundridge. h 

Secretary-Treasurer: Earnest Boyee, Lawrence. A 

Representatives, Board of Control: Earnest Boyee, Lawrence; H. L. Lingo, Horton. K 


Maryland—Delaware Water and Sewerage Association 


President: C. J. Bruce, Cumberland, Md. 

First Vice-President: A. M. Tawney, Fort George G. Meade, Md. 

Second Vice-President: G. EK. Harrington, Washington, D. C. 

Secretary-Treasurer: A. W. Blohm, Baltimore, Md. 

Executive Committee: E. StC. Maxwell, Frederick, Md.; W. Compton Wills, Wil 
mington, Del.; J. M. Jester, Hyattsville, Md.; E. C. Cromwell, Colgate, Md.; E. S. Hop 
kins, Baltimore, Md. 

Representatives, Board of Control: Harry R. Hall, Hyattsville, Md.; Abel Wolman, H 
Baltimore, Md. 


Michigan Sewage Works Association 


President: Harland P. Dodge, Ann Arbor. 

Vice-President: Allan Kronbach, Monroe. 

Secretary-Treasurer: W. F. Shephard, Lansing. 

Directors: W. L. Mallman, East Lansing; L. F. Oeming, Lansing. J 

Representatives, Board of Control: N. G. Damoose, Battle Creek; E. F. Eldridge, 
Kast Lansing. 


Missouri Water and Sewerage Conference 





Chairman: Cleo Brown, Harrisonville. 
Vice-Chairman: Edward Myers, Maryville. 
Secretary-Treasurer: W. A. Kramer, Jefferson City. T: 
Executive Committee: George Russell, St. Louis; Roscoe R. Howard, Slater; H. E. 
Newell, Webb City; W. E. Ralls, Trenton; Wm. D. Wheatly, Crystal City. 
Representatives, Board of Control: W. Scott Johnson, Jefferson City; George S. 
Russell, St. Louis. 


New England Sewage Works Association 


President: F. W. Gilecreas, Albany, N. Y. 
Vice-President: Arthur D. Weston, Boston, Mass. 
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Secretary-Treasurer: LeRoy W. VanKleeck, Hartford, Conn. 
Directors: Walter J. Shea, Providence, R. I.; William P. Petrie, Norwalk, Conn. 

Representatives, Board of Control: F. W. Gilereas, Albany, N. Y.; L. W. VanKleeck, 
Hartford, Conn. 


New Jersey Sewage Conference 


Chairman: Willem Rudolfs, New Brunswick. 

Vice-Chairman: Asher Atkinson, New Brunswick. 

Secretary: Richard C. Smith, Glen Ridge. 

Treasurer: Willem Rudolfs, New Brunswick. 

Representatives, Board of Control: Willem Rudolfs, New Brunswick; Richard C. 
Smith, Glen Ridge. 


New York State Sewage Works Association 


President : Newell L. Nussbaumer, Buffalo. 

Vice-President: C. George Anderson, Rockville Centre. 

Secretary-Treasurer: Arthur S. Bedell, Albany. 

Assistant Treasurer: J. C. Brigham, Albany. 

Executive Committee: Edward J. Kileawley, Troy; Charles W. McBrean, Orange- 
burg; Newell L. Nussbaumer, Buffalo; C. G. Anderson, Rockville Centre; Henry Ryon, 
Albany; William E. Stanley, Ithaca; Rodney E. Cook, Riverhead; Channel Samson, 
Kenmore; Herbert H. Wagenhals, Syracuse. 

Advisory Member: Fred J. Biele, Huntington. 

Representatives, Board of Control: Fred J. Biele, Huntington; Newell L. Nuss- 
hbaumer, Buffalo. 


North Carolina Sewage Works Association 


Chairman: Wm. M. Piatt, Durham. 

Vice-Chairman: D. 8. Abell, Raleigh. 

Secretary-Treasurer: A. R. Hollett, Chapel Hill. 

Representatives, Board of Control: Wm. M. Piatt, Durham; Tl. G. Baity, Chapel 
Hill. 


Ohio Sewage Works Conference Group 


President: C. D. MeGuire, Columbus. 

Vice-President: Floyd G. Browne, Marion. 

Secretary-Treasurer: Frank Woodbury Jones, Cleveland. 

Representatives, Board of Control: C. D. MeGuire, Columbus; Frank Woodbury 
Jones, Cleveland. 


Oklahoma Water and Sewage Conference 


President: Earl Benedict, Hobart. 





Vice-President: Elmer Edge, Shawnee. 

Secretary-Treasurer: H. J. Darcey, Oklahoma City. 

Representatives, Board of Control: H. J. Darcey, Oklahoma City; R. C. Dohe, 
Tahlequah. 


Pacific Northwest Sewage Works Association 


President: John W. Cunningham, Portland, Oregon. 

First Vice-President: W. P. Hughes, Lewiston, Idaho. 

Second Vice-President: David Charlton, Portland, Oregon. 

Secretary-Treasurer: Fred Merryfield, Corvallis, Oregon. 

Representatives, Board of Control: W. I. Leonard, Boise, Idaho; A. D. Butler, 
Spokane, Washington. 
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Pennsylvania Sewage Works Association 

President Emeritus: Elton D. Walker, State College. 

President: C. F: Grace, Polk. 

First Vice-President: G. M. Oelwiler, Ardmore. 

Second Vice-President: G. P. Searight, Carlisle. 

Secretary-Treasurer: L. D. Matter, Wilkes-Barre. 

Editor: J. R. Hoffert, Harrisburg. 

Representatives, Board of Control: C. A. Emerson, Jr., New York City; H. E. Moses, 
Harrisburg. 


Rocky Mountain Sewage Works Association 
President : H. C. McClintock, Boulder, Colorado. 


Secretary-Treasurer: Dana E. Kepner, Denver, Colorado. 


Directors: L. O. Williams, Cheyenne, Wyoming; Eugene Howell, Denver, Colorado. I 

Representatives, Board of Control: Dana E. Kepner, Denver, Colorado; Paul S. 
Fox, Santa Fe, New Mexico. ( 
Sewage Division, Texas Section, S. W. W. A. ( 


President: J. L. Horner, Henderson. 

First Vice-President: A. G. Glassen, El Paso. 
Second Vice-President: D. B. Dickson, Wichita Falls. ( 
Third Vice-President: S. C. Clark, San Benito. 


Fourth Vice-President: M. J. Salmon, Commeree. I 

Chairman, Sewage Research Section: R. M. Dixon, Dallas. 

Secretary: V. M. Ehlers, Austin. 

Assistant Secretary-Treasurer: Mrs. Earl H. Goodwin, Austin. 

Representatives, Board of Control: V. M. Ehlers, Austin; W. S. Mahlie, Fort Worth. 

Sanitary Engineering Division of the Argentine Society of Engineers I 

(Argentina) 

President: Jorge Claypole, Buenos Aires. , 

Secretary: Enrique Dupont, Buenos Aires. 

Representatives, Board of Control: K. B. Besselievre, Buenos Aires; Jorge Claypole, : 
Buenos Aires. ; 


The Canadian Institute on Sewage and Sanitation 


Past President: N. J. Howard, Toronto. 

President: W. C. Miller, St. Thomas. 

Vice-President: W. H. Riehl, Stratford. 

Secretary-Treasurer: A. E. Berry, Toronto. 

Trustees: D. A. R. MeCannel, Regina; Stanley Shupe, Kitchener. 

Representatives, Board of Control: A. E. Berry, Toronto; W. C. Miller, St. Thomas. 





The Institute of Sewage Purification (England) 
President: Dr. H. T. Calvert, London. 
General Secretary: W. F. Freeborn, Hampton-on-Thames. 
Treasurer: C. H. Ball, Davyhulme. 
Secretary, Federation Affiliate: J. H. Garner, Wakefield. 
Representatives, Board of Control: J. H. Garner, Wakefield; W. F. Freeborn, 
Hampton-on-Thames. 


The Institution of Sanitary Engineers (England) 


President: D. M. Watson, London. 

Hon. Treasurer: J. W. Hammond, Romford. j 
Secretary: A. D. Hamlyn, London. ' 
Representative, Board of Control: A. D. Hamlyn, London. § 
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MEMBERS OF FEDERATION AS OF DECEMBER 31, 1938 


Arizona Sewage Works Association 


Mr. P. E. Mauzey, Secretary-Treasurer, Health Department, City Hall, Phoenix, Ariz. 


Burch, Lloyd R., Water Dept., City Hall, Tuc- 


son, Ariz. 

John A,, 
Homebuilders Bldg., Phoenix, Ariz. 

Childs, G. G., Box 801, Douglas, Ariz. 

of Prescott, Prescott, 


Carollo, Headman-Furgeson Co. 
’ 


City Engineer, City 
Ariz. 

Cushing, Robert, 319 Homebuilders 
Phoenix, Ariz. 

Ehlers, John F., 517 North First Ave., Tuc- 
son, Ariz. 

Follett, Eli, R. No. 2, Box 22, Glendale, Ariz. 

Hall, Hilliard B., Grand Canyon, Ariz. 

Keyes, Harmond Edw., 823 E. Van Buren St., 
Phoenix, Ariz. 

Ladlow, John W., P.O. Box 1784, Phoenix, 
Ariz. 

Martin, Phil J. 
Ariz. 

Marx, George, San. Engr., P.O. Box 135, Tuc- 


Bldg., 


, City Water Dept., Tucson, 


son, Ariz. 
Mauzey, P. E., Health Dept., City Hall, Phoe- 


nix, Ariz. 


MecKeehan, Noel P., Room 9, Court House, 
Phoenix, Ariz. 

MeMorrow, Bernard J., Board of Health, 
Hilo, Hawaii. 

Miller, Alden W., 1833 North 13th Ave., Phoe- 
nix, Ariz. 

Nurse, Kenneth R., Box 28, Phoenix, Ariz. 

Ostrander, Dave, Box 264, Holbrook, Ariz. 

Rasmussen, George, 723 East Culver St., Phoe- 
nix, Ariz. 

Rider, Jane H., 534 W. Latham, Phoenix, 
Ariz. 
Roach, M., 
Ariz. 
Roberts, F. C., Jr., State Sah. Engr., State 
Board of Health, State Bldg. Annex, Phoe- 


2027 KE. Bellview St., Phoenix, 


nix, Ariz. 
Stanfill, W. E., 
Ariz. 
Travaini, Dario, 3rd Fl., City Hall, Phoenix, 
Ariz. 
Wickenburg, Town of, Wickenburg, Ariz. 


23 Aspen Ave., Flagstaff, 


California Sewage Works Association 


Mr. R. R. Ribal, Secretary-Treasurer, 701 City Hall, Oakland, Calif. 


Allen A., Sterling Electrie Motors, 
5401 Telegraph Rd., Los Angeles, Calif. 
Albers, J. C., City Engineer, City Hall, Glen- 

dale, Calif. 


Alexander, G; 


Adams, 


F., Operator, 706 Harris St., 
Corona, Calif. 

Allen, Wm. A., Asst. Supt., City Hall, Pasa- 
dena, Calif. 

American Cast Iron Pipe Co., Att.: Mr. W. 
R. Blair, 55 New Montgomery St., San 
Franciseo, Calif. 

Anaya, Marvin, San. Engr. Designer, 367 City 
Hall, San Francisco, Calif. 

Arndt, Charles, Dependable Grease Intercep- 


tor, Mfgr. Plumbing and Heating, 110 


Winston St., Los Angeles, Calif. 





349 


Arnold, G. E., San Francisco Water Dept., 
Millbrae, Calif. 

Banks, Harvey O., 803 State Bldg., Los Ange- 
les, Calif. 

Banta, A. Perry, Engineer, 110 S. Broadway, 
4th Fl., Los Angeles, Calif. 

3arnard, Archer F., 601 W. 5th St., Suite 905, 
Los Angeles, Calif. 

Barr, H. R., Route No. 1, Box 302, Redondo 
Beach, Calif. 

Barstow Sanitary District, Box 418, Barstow, 
Calif., Att.: Wm. A. Knaggs, Secy. 

Bates, John S., Consulting Engr., 3134 Eton 
Ave., Berkeley, Calif. 

Batty, Frederic A., 745 City Hall, Los Ange- 
les, Calif. 
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Beale, Ed. W., Director Bureau of Sanitary 
Engr., City Hall, San Diego, Calif. 

Beard, Paul J., Prof., Dept. of Civil Engi- 
neering, Stanford University, Palo Alto, 
Calif. 

Beardsley, C. W., 1829 Park Drive, E., Los 
Angeles, Calif. 

Bell, Alexander, Pacific Coast Mgr., Wallace 
& Tiernan Co., Inec., 171 Second St., San 
Francisco, Calif. 

3ell, R. H., Operator, 1300 Pennsylvania Ave., 
Colton, Calif. 

Benas, Benjamin, City Engineer’s Office, City 
Hall, San Francisco, Calif. 

Beyer, A. C., Wallace & Tiernan Co., Inc., 171 
Second St., San Francisco, Calif. 

Bishop, H. N., City Engineer, P.O. Box 587, 
Sunnyvale, Calif. 

Blackman, J. W. B., City Hall, Long Beach, 
Calif. 

3owen, M. R., 205 N. Greenleaf St., Whittier, 
Calif. 

3owlus, Fred D., 110 S. Broadway, 4th FI, 
Los Angeles, Calif. 

Brea, City of, City Hall, Brea, Calif. 

Brown, E. L., Engr. WPA, 124 N. Dillon St., 
Los Angeles, Calif. 

Brown, Kenneth W., 829 North Monroe St., 
Stockton, Calif. 

Brown, R. F., 745 City Hall, Los Angeles, 
Calif. 

Buck, J. H., Street Supt., 516 Santa Barbara 
St., Santa Paula, Calif. 

Buckingham, Earl M., 96 Zinn Drive, Oak- 
land, Calif. 

Burnson, Blair I., Asst. San. Engr., East Bay 
Municipality Dist., 512 16th St., Oakland, 
Calif. 

Burt, Austin, City Service Manager (for City 
of Ontario), City Hall, Ontario, Calif. 

Byxbee, J. F., City Engineer, City Hall, Palo 
Alto, Calif. 

Castello, W. O., Supt. of Sewer Dept., City 
Hall, Sacramento, Calif. 

Castro, A. J., 724 Benton St., Santa Clara, 
Calif. 

Chamberlain, L. H., 417 South Hill St., Los 
Angeles, Calif. 

Chiarolla, Frank Vito, Student U. of C., 854 
N. Figueroa St., Los Angeles, Calif. 

Church, C. B., Sales Engr., Fairbanks Morse 
& Co., Los Angeles, Calif. 

Clark, J. C., Chief Opr. Huntington Beach 
Plant, 603 14th St., Huntington Beach, 
Calif. 

Clark, John A., 2644 Dwight Way, Berkeley, 
Calif. 
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Clark, & Sons, N., e/o Bradley W. Wyatt, 
116 Natoma St., San Francisco, Calif. 

Collins, A. Preston, 307 West First St., 400 
Klinker Bldg., Los Angeles, Calif. 

Compton, C. R., 110 S. Broadway, 4th FI, 
Los Angeles, Calif. 

Cook, Lawrence H., Box 696, Menlo Park, 
Calif. 

Cook, Max E., 100 Bush St., San Francisco, 
Calif. 

Cooley, E. C., 625 Market St., Room 1414, San 
Francisco, Calif. 

Corrao, Joseph, Supt. of Pumping Plants, 286 
City Hall, San Francisco, Calif. 

Cortelyou, H. P., Engr., Disposal of Wastes, 
City Hall, Room 606, Los Angeles, Calif. 
Crane, H. R., Salesman, P. & E. Mfg. Co., 

622 E. 4th St., Los Angeles, Calif. 

Creears, T. H., 1824 South Hope St., Los 
Angeles, Calif. 

Currie, David H., Engr., 219 Andreson Bldg., 
San Bernardino, Calif. 

Currie, Frank S., Consulting Engr., 219 An- 
dreson Bldg., San Bernardino, Calif. 

Dakan, Earl W., U. S. Publie Health Service, 
3093 Life Science Bldg., Berkeley, Calif. 

Daley, A. C., Operator, 1191 N. Los Robles 
Ave., Pasadena, Calif. 

Davids, E. M., Vice-Pres. Gladding, McBean 
Company, 2901 Los Feliz Blvd., Los Ange- 
les, Calif. 

Davidson & Fulmor, Civil Engr., 3646 7th St., 
Riverside, Calif. 

DeMartini, Frank E., San Francisco Water 
Dept., Millbrae, Calif. 

Derby, Ray L., Sanitary Engineer, 207 S. 
Broadway, Los Angeles, Calif. 

Deutsche Chemische Gesellschaft, Sigismund- 
strasse 4, Berlin W. 35, Germany. 

DeVaul, E. D., 517 North St., Healdsburg, 
Calif. 

Dommes, Sid F., 244 Fifth St., Richmond, 
Calif. 

Donaldson, D., 
Calif. 

Eastman, T. F., 
Calif. 

Egan, J. H., e/o Crane Co., 321 E. Third St., 
Los Angeles, Calif. 

Ellinger, Morris, Engineer, Lake Arrowhead, 
Calif. 

Ely, H. M., Chief Opr., Disposal Plant, On- 
tario, Calif. 

Fairbanks, E. G., Box 66, Manteca, Calif. 

Farley, L. C., 746 City Hall, Los Angeles, 
Calif. 

Ferguson, E. R., Chief Engr., Sonoma State 
Home, Eldridge, Calif. 


326% S. Garfield, Alhambra, 


701 City Hall, Oakland, 
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Ferwelling, Geo. F., 2401 Santa Fe Ave., Los 
Angeles, Calif. 

Fiscus, A. E., Operator, Terminal Island, 
1547 Revenna Ave., Wilmington, Calif. 

Fitch, T. A., 826 Yale St., Los Angeles, Calif. 

Foreman, Merle S., Bacteriologist-Chemist, 
State Dept. of Public Health, 3093 Life 
Science Bldg., Berkeley, Calif. 

Foster, Herbert B., Jr., 377 Coventry Road, 
Berkeley, Calif. 

Foster, Wm. Floyd, Engr., Sewer and Storm 
Drain Design, County of Los Angeles, 700 
Hall of Records, Los Angeles, Calif. 

Frazer, A. F., Operator, 300 A. Carl St., San 
Francisco, Calif. 

Frick, A. L., Jr., 2311 E. 8th St., Los Angeles, 
Calif. 

Frickstad, Walter N., 803 City Hall, Oakland, 
Calif. 

Froehde, F. C., City Engineer and Supt. of 
Streets, City Hall, Pomona, Calif. 

Gardner, R. T., 2311 E. 8th St., Los Angeles, 
Calif. 

Gascoigne, Geo. B., Cons. Engr., 1140 Leader 
Bldg., Cleveland, Ohio. 

Gilkey, A. E., Mgr. of Utilities, City Hall, 
Roseville, Calif. 

Gillespie, C. G., Sanitary Engineer, 
Dept. Public Health, Berkeley, Calif. 

Gladding, Augustus L., Vice-Pres., Gladding 
Bros. Mfg. Co., 3rd and Keyes Sts., San 
Jose, Calif. 

Goodridge, Harry, City Engineer, City Hall, 
Berkeley, Calif. 

Goudey, R. F., Water and Power Dept., Box 
240 Arcade Annex, Los Angeles, Calif. 

Grahek, Joe, Wallace & Tiernan Co., 917 Ter- 
minal Bldg., Seattle, Wash. 

Grant, A. J., Asst. Opr., 621 Thalia St., La- 
guna Beach, Calif. 

Gray, Harold F., San. and Hydraulic Engr., 
2540 Benvenue Ave., Berkeley, Calif. 

Great Western Electro Chem. Co., 9 Main St., 
San Francisco, Calif. 

Gregory Sanitary and Municipal Reference 

H., City Hall, Columbus, 


State 


Library, John 
Ohio. 

Grunsky, Eugene L., Consulting Engr., 833 
Market St., San Francisco, Calif. 

Hall, James D., Screening Plant Opr., 218 
West Mariposa Ave., El Segundo, Calif. 
Hammerly, F. V., Sales Engr., Water Works 
Supply Co., 1142 Amador St., Berkeley, 

Calif. 
Hapgood, E. P., City Hall, Anaheim, Calif. 
Harmon, Judson A., 478 S. Shaffer St., Or- 
ange, Calif. 
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Harrington, J. H., City Hall, Signal Hill, 
Calif. 

Hayler, Geo. R., Asst. City Engineer, City 
Hall, San Diego, Calif. 

Henning, Clinton, City Engr., City Hall, Lodi, 
Calif. 

Henry, B. F., Chief Operator, Pomona Sewage 
Plant, P.O. Box 286, Pomona, Calif. 

Hill, C. L., City Engineer, Box 226, Reno, 
Nev. 

Hilton, Elton M., San. Inspector, National 
Park Service, Yosemite, Calif. 

Hitchner, A. H., Engineer, Oliver United Fil- 
ters, Inc., 351 California St., San Francisco, 
Calif. 

Hoelsig, Harry C., 403 City Hall, San Diego, 
Calif. 

Holfelder, J., City Engr., City Hall, Bakers- 
field, Calif. 

Hommon, H. B., U. 8. Public Health Service, 
Federal Office Bldg., Rm. 112, San Fran- 
cisco, Calif. 

Horton, F. C., Operator, Terminal Island, 205 
118th Place, Terminal Island, Calif. 

Hoskinson, Carl M., Chief Engr., Water 
Works, City Hall, Sacramento, Calif. 

Huth, Norman A., City Engineer, City Hall, 
Visalia, Calif. 

Hyde, Charles Gilman, Prof. in San. Engr., 
Univ. of California, 11 Engineering Bldg., 
Berkeley, Calif. 

Ikeda, T., Director and Chief Engr., Water 
and Sewage Board of Nagoya Municipality, 
Nagoya, Japan. 

Ingram, Fred R., 826 Shattuck, Berkeley, 
Calif. 

Ingram, Wm. T., P.O. Box 111, Stockton, 
Calif, 

Jacobson, John, Supt. of Repair and Power, 
U. C. Farm, Davis, Calif. 

Jeffrey, H. H., City Hall, Sacramento, Calif. 

Jenks, Harry N., Consulting San. Engr., 345 
Madrono Ave., Palo Alto, Calif. 

Jennings, J. C., 112 City Hall, Sacramento, 
Calif. 

Jewell, H. W., Engineer, 306 West Ave. 26, 
Los Angeles, Calif. 

Jewett, Herbert, 727 West Arden Ave., Glen- 
dale, Calif. 

Jones, Thos., P.O. Box 376, Riverside, Calif. 

Jones, Wayland, Supt. North Disposal Plant, 
Rt. 2, Box 182, Stockton, Calif. 

Jorgenson, H. W., 3948 Albatross St., San 
Diego, Calif. 

Kelly, Earl M., Engineer, 811 W. 7th St., 301 
Signal Oil Bldg., Los Angeles, Calif. 

Kempkey, A., Consulting Engr., 1218 Hobart 
Bldg., San Francisco, Calif. 
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Kennedy, C. C., Atlas Bldg., 604 Mission St., 
San Francisco, Calif. 

Kennedy, D. R., City Hall, Cons. Supt., Long 
Beach, Calif. 

Kennedy, R. R., 604 Mission St., San Fran- 
cisco, ‘Calif. 

Kimball, Jack H., 120 Lorton Ave., Burlin- 
game, Calif. 

Kinsman, Frederick, 725 Walnut Ave., Bur- 
lingame, Calif. 

Kivari, A. M., 811 W. 7th St., 301 Signal Oil 
Bldg., Los Angeles, Calif. 

Kjellberg, G., Supt. of Sewers, 4411 Roubi- 
doux, Riverside, Calif. 

Knight, Philip W., City Engineer, P.O. Box 
248, El Centro, Calif. 

Knoedler, H. A., Inertol Co., 64 South Park, 
San Francisco, Calif. 

Knowlton, W. T., City Hall, Rm. 705, Los 
Angeles, Calif. 

Koebig & Koebig, Consulting Engineers, 458 
S. Spring St., Los Angeles, Calif. 

Kolb, Fred W., 598 Monadnock Bldg., San 
Francisco, Calif. 

Kressly, Paul E., Consulting Engineer, City 
Hall, Azusa, Calif. 

Krohn, William, Supt. Water and 
City Hall, Tracy, Calif. 

Langelier, W. F., Dept. of Civil Engr., Univ. 
of Calif., Berkeley, Calif. 

Lawton, R. W., Consulting Engineer, 137 N. 
Van Ness, Los Angeles, Calif. 

Lee, Charles H., Cons. Hydraulic Engineer, 
58 Sutter St., San Francisco, Calif. 

Lippincott, J. B., Consulting Engr., 714 West 
Olympic Blvd., Los Angeles, Calif. 

Los Angeles Public Library, Serials Div., 530 
South Hope St., Los Angeles, Calif. 

Los Angeles Public Library, Municipal Ref- 
erence Library, 300 City Hall, Los Angeles, 
Calif. 

Lowther, Burton, Cons. Engr., 710 Colorado 
Bldg., Denver, Colo. 

Ludwig, Harvey F., Student, San. Engr., 
Univ. of Calif., 923 S. Cabrillo Ave., San 
Pedro, Calif. 

Luippold, G. T., Luippold Engineering Sales 
Co., 1115 South Hope St., Los Angeles, 
Calif. 

Matsumaru, Isao, 299 Katayama Chisatomura, 
Mishimagun near Osaka, Japan. 

Mauldin, P. L., 1252 W. 97th St., Los Ange- 
les, Calif. 

May, Harold L., Chief Opr., Palo Alto Plant, 
1192 Briton Ave., San Jose, Calif. 

McBride, J. L., City Engineer, City Hall, 
Santa Ana, Calif. 


Sewers, 
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MeMillan, Donald C., City Engineer, 121 §. 
Coronado St., Ventura, Calif. 

Mechler, Louis W., Camarillo State Hospital, 
Camarillo, Ventura Co., Calif. 

Meyer, Louis P. H., Lieut., Police S. F., 583 
Dolores St., San Francisco, Calif. 

Miick, Fred E., Engineer, Link Belt Co., 361 
S. Anderson St., Los Angeles, Calif. 

Mittelstaedt, R. E., Manager of Water Dept., 
City Hall, Sacramento, Calif. 

Molitor, Paul, Supt., Madison Chatham Sew- 
age Treatment Plant, 4 Willow St., 
Chatham, N. J. 

Mooney, C. R., Plant Operator, 637 W. Cald 
well St., Compton, Calif. 

Morrison, G. B., 708 City Hall, Los Angeles, 
Calif. 

Munson, Laura A., Mrs., General 
Lafayette, Calif. 

Norman, Chas. S., 307 West Oak Ave., El 
Segundo, Calif. 

O’Connel, Wm. J., 137 Castilian Drive, San 
Mateo, Calif. 

Ojai, City of, City Hall, Ojai, Calif. 

Ongerth, H. J., Jr. San. Engr., Calif. State 
Board of Health, 1911B 
ley, Calif. 

Owens, R. H., San. Engr. Designer, Bureau of 

City Hall, San 


Delivery, 
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Engineering, Francisco, 
Calif. 

Pacific Foundry Company, 3100 19th St., San 
Francisco, Calif. 

Palmer, Harold K., 110 8. Broadway, 4th FI., 
Los Angeles, Calif. 

Parkes, G. A., Asst. Engr., 1924 Leman Ave., 
S. Pasadena, Calif. 

Parr, James, Plant Opr., City Hall, Manteca, 
Calif. 

Parsons, F. W., Asst. Engr., City Hall, Los 
Angeles, Calif. 

Patterson, R. L., City Engineer, City Hall, 
Newport Beach, Calif. 

Payton, Lyle, City Hall, Stockton, Calif. 

Peterson, J. H., Staff Mngr., Transite Pipe 
Dept., Johns Manville Co., 116 New Mont- 
gomery St., San Francisco, Calif. 

Phelps, B. D., Civil Engineer, City Hall, 5th 
and G Sts., San Diego, Calif. 

Phelps, Tracy I., Engineer, Los Angeles Co. 
Surveyor’s Office, 400 Klinker Bldg., 307 
W. Ist St., Los Angeles, Calif. 

Pierce, C. L., Dist. Rep., Great Western Elec- 
tro Chem. Co., 1925 Euclid Ave., San Ma 
rino, Calif. 

Pleasonton, Town of, Town Hall, Pleasanton, 
Calif. 
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Polich, Theodore P., Vice Pres., United Con- 
erete Pipe Co., Box H, Station H, Los 
Angeles, Calif. 

Pomeroy, Richard, Chemist, Box 353, Harbor 
City, Calif. 

Popp, W. L., City Engineer, City Hall, San 
Jose, Calif. 

Porter, H., City Hall, San Mateo, Calif. 

Porter, J. W., 2512 P St., Sacramento, Calif. 

Post, Fred W., Sewage Plant Mgr., Rt. 3, Box 
433, Lodi, Calif. 

Primmer, B. J., Dist. Mgr., American Cone. 
and Steel Pipe Co., P.O. Box 13, Main Sta- 
tion, San Diego, Calif. 

Qualls, Edward G., Treatment Plant Op- 
erator, 422 Palm Ave., Whittier, Calif. 

tamseier, Roy E., 363 Winton Ave., Hayward, 
Calif. 

Ranagan, Fred E., Pardee Engineering Co., 
823 W. 5th St., Los Angeles, Calif. 

Rantsma, W. F., City Hall, Fresno, Calif. 

Rawn, A. M., Los Angeles County Sanitation 
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Til. 

Babbitt, H. E., San. Engr., 204 Engineering 
Hall, Univ. of Illinois, Urbana, Il. 

Bachmann, Frank, Mgr., 147 E. 50th St., New 
York, N.Y. 

Backmeyer, David, Liberty Ave., Richmond, 
Ind. 

Baetz, C. C., Box 51, Appleton, Wisc.. 

Baillie, E. P., 2700 Regent St., Madison, Wisc. 





3aker, C. M., 2 S. Carroll St., Madison, Wise. 

Barnes, L. T., Wheaton San. Dist., 825 Irving 
Ave., Wheaton, Il. 

3arnett, G. R., 519 Comm. Bank Bldg., Pe- 
oria, Ill. 

3arnhill, John T., 1711 S. 5th St., Spring- 
field, Tl. 

Barth, John R., Room 
Bldg., Deeatur, Il. 

Bass, Frederic, Civil Engr., Univ. of Minne- 
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Boley, Arthur L., Asst. City Engr., City Hall, 
Sheboygan, Wis. 
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Boston, Charles E., Supt. of Sewers, 112 Em- 
ily St., Mt. Morris, Ill. 

Brady, James, 417 Melrose Ave., Glen Ellyn, 
Ill. 
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Ind. 

Gerard, F. A., Asst. Civil Engr., Chicago San. 
Dist., 242 Columbia Ave., Park Ridge, Il. 

Geupel, Louis A., City Civil Eng. and Di- 

Public Works, 416 

Ave., Evansville, Ind. 


50 **A’? §8t., N.E., Linton, 


Elm St., Muncie, 


rector of Washington 

Giesey, J. K., Civil and San. Engr., 31 Lowell 
Road, Kenmore, N. Y. 

Gifford, J. B., Chemist, Sewage Disposal 
Plant, 124 Ashland Ave., Michigan City, 
Ind. 

Gneagy, Harold, 1709 Cypress St., Highland, 
Til. 

Golly, M. R., Dist. Health Office, Xenia, Ill. 

Goodman, Arnold H., 363 

Riverside, Ill. 


Downing Road, 


WORKS JOURNAL 











March, 1939 


Grabbe Construction Co., H. A., 
Alton, Ill. 
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Bb; wo, sngr., £0: 
boygan, Wise. 

Hasfurther, Wm. A., 
cago, Ll. 

Haste, J. R., Asst. Plant Opr., 521 Green St., 
Rockford, Il. 

Hatfield, W. D., Decatur Sanitary District, 
Decatur, Ill. 


Hathaway, A. S., Asst. Professor in Engineer 


Hartman, Box 489, She- 


1800 W. Fillmore, Chi 


ing, College of Engineering, Northwestern 
University, Evanston, Ill. 

Hayes, Edward H., 139 S. Mayfield Ave., Chi 
cago, Til. 

Hays, William O., 509 South ‘‘A’’ St., Mon 
mouth, Ill. 

Healy, Jr., Dennis L., Healy-Ruff Company, 
765 Hampden Ave., St. Paul, Minn. 

Heider, Robert W., 201 State House Annex, 
Indianapolis, Ind. 

Hein, Walter E., St. Charles, Il. 

















Vol. 11, No. 2 


Heisig, Henry M., Sewerage Commission, Box 
2079, Milwaukee, Wis. 

Hendricks, W. L., Operator, Sewage Treat- 
ment Works, Nashville, Ill. 

Hendrix, George K., 2191%4 N. Main St., Car- 
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358 


Koch, Philip L., 947 E. Johnson St., Madison, 
Wis. 

Koerwitz, Norman A., 207 Madison St., Me- 
nasha, Wis. 

Koppers Co., Western Gas Div., Fort Wayne, 
Ind. 
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Lewis, R. K., 5009 Park Ave., Indianapolis, 
Ind. 
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Baty, J. Bernard, Technical Service Dept., 
Penna. Salt Mfg. Co., 1000 Widener Bldg., 
Philadelphia, Pa. 

Baum, H. J., City Engr., Altoona, Pa. 

Beckett, R. C., State San. Engr., State Board 
of Health, Dover, Del. 

3oardman, John, Sanitary and Hydraulic 
Engr., 426 Walnut St., Philadelphia, Pa. 

3oardman, Wm. Hunter, Jr., Civil, Hyd. and 


San. Engineer, 426 Walnut St., Philadel- 
phia, Pa. 

Bogardus, Theodore S., Asst. City Engr., 
Meadville, Pa. 

Bolenius, Robert M., Chemist, 115 N. Frank- 
lin St., Lancaster, Pa. 

Boone, George H., Chief Opr., Sewage Treat- 
ment Plant, 713 Church St., Norristown, Pa. 

Breckenridge, W. D., City Mgr., Municipal 
Bldg., Grove City, Pa. 

Brown, Glenn V., Dr., 312 East Main St., 
Mechanisburg, Pa. 

Brumbaugh, W. Vernon, National Lime Assn., 
927 15th St., N.W., Washington, D. C. 

Buck Hill Falls Co., Att: Elliot Wells, Rep. 
Buck Hill Falls, Pa. 

Bush, Bernard S., Asst. Engr., Pa. Dept. of 
Health, Kirby Health Center, Wilkes Barre, 
Pa. 

Cameron, A. B., Supt., 811 Oakridge Drive, 
Jackson, Mich. 

Campbell, J. T., The Chester Engineers, Con- 
sulting Engineers, 1050 Century Bldg., 130 
7th St., Pittsburgh, Pa. 

Carpenter, J. D., Civil Engr., 600 N. Second 
St., Harrisburg, Pa. 

Carpenter, Lewis V., New York University, 
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University Heights, Box 106, New York, 
a Le 

Chambersburg, Boro of, J. Hase Mowrey, Rep., 
Public Utilities, Chambersburg, Pa. 

Chase, E. Sherman, Metcalf & Eddy, Statler 
Bldg., Boston, Mass. 

Chester, Campbell, Davis & Bankson, Cons. 
Engineers, 1050 Century Bldg., 103 7th St., 
Pittsburgh, Pa. 

Clausen, Frank, Disposal Plant Opr., 243 Carre 
Ave., Essington, Pa. 

Cleland, R. R., Dept. of Grounds and Bldgs., 
Penn. State College, State College, Pa. 

Clouser, L. H., Tennessee Valley Authority, 
Room 615 Union Bldg., Knoxville, Tenn. 

Colitz, Michael J., Asst. San. Engr., Kirby 
Health Center, Wilkes Barre, Pa. 

Coy, Paul F., Sewage Treatment Plant, Mead- 
ville, Pa. 

Craig, Robert H., Cons. Engr., Chamber of 
Commerce Bldg., Harrisburg, Pa. 

Cunningham, H. L., Allentown State Hospi- 
tal, Allentown, Pa. 

Damon & Foster, Chester Pike and High St., 
Sharon Hill, Pa. 

Daniels, F. E., Chief, 2115 N. 
Harrisburg, Pa. 

Darby, W. A., The Dorr Company, 570 Lex- 
ington Avenue, New York, N. Y. 

Davis, E. Watson, Asst. Civil Engr., Room 
506 S. Office Bldg., Harrisburg, Pa. 

Dawson, Thomas T., Harwood Beebe 
Montgomery Bldg., Spartansburg, S. C. 

Dechant & Sons, W. H., F. H. Dechant Rep., 
632 Washington St., Reading, Pa. 

Dept. of Streets and Public Improvements, 
South Sewage Treatment Works, Lancaster, 
Pa. 

Diefendorf, Fred G., Supt., 346 W. 8th St., 
Erie, Pa. 

Eastburn, W. H., Rep., The Mathieson Alkali 
Works, Inc., Widener Bldg., Philadelphia, 
Pa. 

Edgerley, Edward, City Engr., 343 N. 
End Ave., Lancaster, Pa. 

Eidemiller, Adam, Contractor, Greensburg, Pa. 

Elias, George A., Penna. Dept. of Health, 
Suite 303 Keystone Bldg., Philadelphia, Pa. 

Emerson, C. A., Jr., c/o Geo. B. Gascoigne, 
Woolworth Bldg., New York, N. Y. 

Emigh, William C., Coatesville, Pa. 

Eppley, Robert G., 722 Lehigh Ave., Lan- 
caster, Pa. 

Evans, David A., c/o Bick & Co., Inc., Read- 
ing, Pa. 

Faber, Harry A., San. Engr., Chlorine Insti- 
tute, Inc., 50 East 41st St., New York, 
iN. 
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Fales, Almon L., Metcalf & Eddy, Statler 
Bldg., Boston, Mass. 
Fessler, L. P., 105 E. Marthart Ave., Upper 
Darby, Pa. 
Fleming, M. C., 
York, Pa. 
Freeburn, H. M., Suite 303, Keystone Bldg., 
Broad and Vine Sts., Philadelphia, Pa. 
Friel, F. S., Albright & Friel, 1520 Locust S:., 
Philadelphia, Pa. 

Gascoigne, Geo. B., 1140 Leader Bldg., Cleve- 
land, Ohio. 

Gidley, H. K., c/o State Health Dept., Charles- 
ton, W. Va. 

Gilbert, J. J., San. Engr., 201 Wheatsheaf 
Lane, Abington, Pa. 

Gill, Paul, 725 Chestnut St., Indiana, Pa. 

Gilmore, J. H., Supt. Sewage Treatment Plant, 
425 S. 1st St., Bellwood, Pa. 

Glace, I. M., 22 S. 22nd Street, Harrisburg, 
Pa. 

Goff, William A., Cunard Bldg., Philadelphia, 
Pa. 

Gorman, William A., Pennsylvania Dept. of 
Health, Harrisburg, Pa. 

Grabowski, John J., 18 N. 4th St., Sharps- 
burg, Pa. 

Grace, C. F., Polk State School, Polk, Pa. 

H., 816 Chew St., Allentown, 


Engr., Hardinge Co., Ine., 


Grossart, L. J. 
Pa. 

Gulden, H. B., Borough Engineer, State Col- 
lege, Pa. 

Gwin, Lewis L., Reg. Prof. Engr., 3601 Fifth 
Ave., Altoona, Pa. 

Haddock, Fred. R., Chief Engr., Roberts 
Filter Manufacturing Co., Darby, Pa. 

Hancock, H. R., City of Dover, Dover, Dela. 

Harris, J. F., Stroudsburg Septic Tank Co., 
312 Main St., Stroudsburg, Pa. 

Hartzell, E. F., Supt. Palmerton Disposal Co., 
Palmerton, Pa. 

Harvey, J. R., Pa. Dept. of Health, 609 Trust 
Bldg., Meadville, Pa. 

Haseltine, T. R., 10 Jamison Apts., North and 
Chestnut Sts., Butler, Pa. 

Haywood, R. W., Jr., 418 Commercial Bldg., 
Gastonia, N. C. 

Heister, Ralph M., 35 Vine St., Tamaqua, Pa. 

Herr, H. N., 114 Java Ave., Hershey, Pa. 

Hess, Joseph C., Jr., Chr., Sewer Comm. Am 
bler Boro Council, 412 Tennis Ave., Ambler, 
Pa. 

Hewitt, A. C., Chief Engr., American Lime 
& Stone Co., Bellefonte, Pa. 

Hibschman, Charles A., Supt., Ambler Bor- 
ough, Ambler, Pa. 

Hill, Theo. C., Hill & Hill, Engrs. North East, 
Pa. 
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Hoak, Richard D., Pa. Dept. of Health, 506 S. 
Office Bldg., Harrisburg, Pa. 

Hoeflich, G. C., 619 Saude Avenue, Essington, 
Pa. 

Hoffert, J. R., Pa. Dept. of Health, Harris- 
burg, Pa. 

Hutton, H. S., Wallace & Tiernan Co., Inc., 
Newark, N. J. 

Imbt, M. Russell, Sales Engr., Stroudsburg 
Septic: Tank Co., 312 Main St., Strouds- 
burg, Pa. 

Johnson, Earle P., Flannery Bldg., Pitts- 
burgh, 13, Pa. 

Johnson, H. B., Asst. Sewer Supt., Cor. State 
and Jackson Sts., Media, Pa. 

Johnson, Russell L., San. Engr., Branch 
County Health Dept., Coldwater, Mich. 

Jones, Frank Woodbury, ¢/o George B. Gas- 
coigne, Leader News Bldg., Cleveland, Ohio. 


Kappe, S. E., 627 West Kingsley St., Phila- 


delphia, Pa. 

Kasperski, Frank E., Asst. San. Engineer, 
2225 Taggart St., Philadelphia, Pa. 

Kinsel, H. L., 16501%, West Juneway Terr., 
Chieago, Ill. 

Kistler Leather Co., J. M. Seltzer, Chief 
Chemist, Rep., Lock Haven, Pa. 

Kremer, Robert W., Pa. Dept. of Health, 
First National Bank Bldg., Greensburg, Pa. 

Krumm, Harry J., City Chemist, Jefferson 
and Lawrence, Allentown, Pa. 

Langford, L. L., Eastern Sales Mgr., Pacific 
Flush Tank Co., 441 Lexington Ave., New 
York, N.Y. 

Lauer, Charles N., Supt. Sewage Disposal 
Plant, City Hall, York, Pa. 

Leh, Willard, Asst. San. Engr., Penna. Dept. 
of Health, 303 Keystone Bldg., Broad and 
Vine Sts., Philadelphia, Pa. 

Link-Belt Co., M. B. Tark, Rep., Philadelphia, 
Pa. (Link-Belt Co.). 

Long, George S., Engineer Designing, 135 
3orton Ave., Akron, Ohio. 

Lord & Burnham Co., Irvington-on-Hudson, 
N. X 

Lubrecht, Frank S., Cons. Engr., 310 Hazelton 
Nat’l Bank Bldg., Hazleton, Pa. 

Lutz, Howland C., Field Asst., Pa. Dept. of 
Health, Glen Rock, Pa. 

Mansfield, M. G., Rept., Morris Knowles, Inc., 
507 Westinghouse Bldg., Pittsburgh, Pa. 
Manz, Erwin C., 585 E. Martin St., Rox- 

borough, Philadelphia, Pa. 

Matter, L. D., Dist. Engr., Pa. Dept. of 
Health, Kirby Health Center, Wilkes Barre, 
Pa. 

McAdoo & Allen Welting Co., 8. Hellertown 
Ave., Quakertown, Pa. 
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Mebus, Chas, F., 112 S. Easton R., Glenside, 
Pa. 

Menantico Sand & Gravel Co., P.O. Box No. 
65, Millville, N. J. 

Merkel, Paul P., Consulting Chemist, 1528 N. 
llth St., Reading, Pa. 

Miller, Roy, Treatment Plant Opr., 1640 Lin- 
coln Ave., Northampton, Pa. 

Milligan, Francis B., 2314 Walnut St., Camp 
Hill, Pa. 

Molitor, Paul, Sr., Cons. Operating Engr., 
Chatham, N. J. 

Monroe, Lowell W., Borough Mgr., City Bldg., 
Elwood City, Pa. 

Montagna, S. D., Box 308, Cecil, Washington 
Co., Pa. 

Moore, Charles A., Opr., Sewage Disposal 
Plant, 450 Green St., Royersford, Pa. 

Mount Penn, Borough of, Att: Alvin G. 
Binkley, Rep., 2054 Fairview St., Mount 
Penn, Reading, Pa. 

Moses, H. E., 1522 N. Second St., Harrisburg, 
Pa. 

Mowry, Robert B., District Engineer, Wal- 
lace & Tiernan Co., Ine., 1505 Race St., 
Philadelphia, Pa. 

Mulvihill, F. J., 1028 Connecticut Ave., Wash- 
ington, D. C. 

Murdock, William, San. Engr., 1123 Cornell 
St., Pittsburgh, Pa. 

Paul, Richard B., Sewage Opr., New Eastern 
State Penitentiary, Graterford, Pa. 

Nugent, Franklin J., 10 N. Greenwood St., 
New Castle, Pa. 

O’Donnell, R., 119 S. Atherton St., State Col- 
lege, Pa. 

Olewiler, Grant M., Asst. Supt. of Health and 
Drainage, 75 East Lancaster Ave., Ard- 
more, Pa. 

Palmer, I. Charles, City-County Bldg., Room 
423, Bureau of Sewers, Pittsburgh, Pa. 

Payrow, Harry G., Rep., Asst. Prof. Sanitary 
1 .gineering, Dept. of Civil Engineering, 
Lehigh University, Bethlehem, Pa. 

Pecker, Joseph S., Consulting Engineer, 900 
Victory Bldg., 1011 Chestnut St., Phila- 
delphia, Pa. 

Phillips, Roy L., Meadville, Pa. 

Reuning, Howard T., Engineering Depart- 
ment, Elk Tanning Company, 330 Allen- 
hurst Avenue, Ridgway, Pa. 

Rhoads, Edward J., Supt., Sewage Treatment 
Plant, City of Lancaster, 531 Chester St., 
Lancaster, Pa. 

Rice, John M., Consulting Engineer, 2502 
Grant Bldg., Pittsburgh, Pa. 

Rice, T. P., Chemist, Penna. Dept. of Health, 
1009 N, Canal St., Sharpsburg, Pa, 
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Roeller, R. 8., Dist. Sales Mgr., Penna Salt 
Mfg. Co., 1000 Widener Bldg., Philadelphia, 
Pa. 

Rogers, D. Paul, Senior Chemist, State Health 
Dept., Harrisburg, Pa. 

Rogers, H. L., Sewage Treatment Plant Opera- 
tor, City of Easton, City Hall, Easton, Pa. 

Rosengarten, W. E., Twp. Engr., 75 E, Lan- 
caster Ave., Ardmore, Pa. 

Rutter, Lee D., Supt. of Sewers, City Hall, 
Lebanon, Pa. 

Schaut, George G., 1308 W. Ontario St., Phila- 
delphia, Pa. 

Scheffer, Louis K., 1013 Green St., Harris- 
burg, Pa. 

Schnupp, Leonard J., Borough Bldg., Jean- 
nette, Pa. 

Schwartz, H. L., Eastern District Rep., The 
American Well Works, Inc., 515 Commer- 
cial Trust Bldg., Philadelphia, Pa. 

Searight, Geo. P., Borough Manager, 
lisle, Pa. 

Shaw, George H., 450 Longfellow St., N.W., 
Washington, D. C. 

Sheen, Robert T., Ch. E., 6509 North Ninth 
St., Philadelphia, Pa. 

Shertzer, J. H., City Engr., Lancaster, Pa. 

Shields, James L., Engineer, Textile Machine 
Works, Wyomissing, Pa. 

Siebert, Christian L., Executive Engineer, 
Sanitary Water Board, Pa. Dept. of Health, 
Harrisburg, Pa. 

Smith, Marvin L., Asst. San. Engr., Penna. 
Dept. of Health, Central Y. M. C. A., Front 
and Fourth Sts., Harrisburg, Pa. 

Smith, Merlin D., Sewage Plant Operator, 
Laurelton State Village, Laurelton, Pa. 
Snelsire, William, Rep., Pa. Salt Mfg. Co., 
641 Union Trust Bldg., Pittsburgh, Pa. 
Snyder, Russell D., Ch. Sewer Comm., Borough 
of Clarks Summit, 119 Electric St., Clarks 

Summit, Pa. 

Speiden, H. W., Dept. of Civil Engineering, 
West Virginia University, Morgantown, 
West Virginia. 

Stevenson, W. L., 2214 North 2nd St., Harris- 
burg, Pa. 

Stewart, H. M., 35th and Allegheny Ave., 
Philadelphia, Pa. 

Stone, Alvin F., Supervisor, City Sewage Dis- 
posal Plant, City Hall, Reading, Pa. 

Swab, Bernal H., San. Eng., 713 First Ave., 
Altoona, Pa. 

Swinehart, Eugene B., Chief Operator, Potts- 
town Boro Sewage Disposal Plant, Potts- 
town, Pa. 

Taylor, Floyd B., Jr. Asst. Sanitary Engr., 37 

Grow Ave., Montrose, Pa. 


Car- 
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Taylor, Henry W., Cons. Engineer, 11 Park 
Place, New York, N. Y. 

Trebler, H. A., Chemical Engr., 1403 Eutaw 
Place, Baltimore, Md. 

Trescott, Boyd, 230 E. Front St., Berwick, Pa. 

Turner, Homer G., Director of Research for 
Anthracite Institute, School of Mineral In- 
dustries, Pa. State College, State College, 
Pa. 

Tygert, C. B., Rep., Wallace & Tiernan Co., 
Inc., 208 Jackson Avenue, Rutherford, N. J. 

Umbenhauer, E. J., P.O. Box 333, 1920 Cor- 
pus Chriti St., Laredo, Texas. 

Wagner, Edwin B., Downington, Pa. 

Wagner, Raymond F., 511A State House, 
Boston, Mass. 

Walker, Elton D., Dept. of Engr., Penna. 
State College, State College, Pa. 

Warren State Hospital, H. A. Otterson, Rep., 
Warren, Pa. 

Watson, Harold Fieldwing, Engr., 519 E. Tul- 
pehocken St., Philadelphia, Pa. 

Watts, M. R., Chemist, 620 Pitt St., Spring- 
dale, Pa. 

Wayne, Laboratories, The, 17 East Main St., 
Att: J. J. Shank, Waynesboro, Pa. 

Welsford, H. R., Pa. State Dept. of Health, 
First National Bank Bldg., Greensburg, Pa. 

Wertz, C. F., Consulting Engr., 1522 Wool- 
worth Bldg., N. Y., N. Y. 

Whitby, Steve, Culbert-Whitby Co., Repre- 
sentatives, Chicago Pump Co., 2019 Ritten- 
house St., Middle City, Station, Philadel- 
phia, Pa. 

Whitcomb, Leon R., Pardee Manufacturing 
Company, 2402 Market St., Philadelphia, 
Pa. 

White Haven Sanatorium, Att: Mr. R. A. 
Dodson, Rep., White Haven, Pa. 

Wiest, Gordon J., Chemist, 41 Spencer Ave., 
Lancaster, Pa. 

Williams, A. C., Township Engr., Haverford 
Township, Upper Darby Post Office, Oak- 
mont, Pa. 

Williams, James C., Operator, Sewage Treat- 
ment Plant, Danville State Hospital, Dan- 
ville, Pa. 

Williams, Perey B., 709 North Third St., 
Harrisburg, Pa. 

Wilson, E. M., Pa. Salt Mfg. Co., 1000 Wide- 
ner Bldg., Philadelphia, Pa. 

Wilt, Marlin E., 851 Center St., Millersburg, 
Pas 

Woodward, John D., Chief Opr. and Chemist, 
Conshohocken Sewage Treatment Plant, 
Conshohocken, Pa. 

Yeager, Chester B., 248 Yost Ave., Spring 

City, Pa. 
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Yerkes, Milton R., Engineer, Radnor Twp., 
Wayne, Pa. 

Yimin, Leo J., Chemist, 1009 N. Canal St., 
Sharpsburg, Pa. 

Young, C. H., Dist. Engr., Pa. Dept. of 
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Health, 608-09 Crawford County Trust 
Bldg., Meadville, Pa. 

Young, F. D., Consulting Engr., 1140 Leader 
Bldg., Cleveland, Ohio. 


Rocky Mt. Sewage Works Association 


Dana E. Kepner, Secretary, 1921 Blake St., Denver, Colo. 


Blackman, A. T., Supt. Water and Sewers, 
City Hall, Sterling, Colo. 

Blizzard, George, Supt. of Water and Sewers, 
City Hall, Lamar, Colo. 

Cederberg, C. R., Dist. Rep., Wallace & Tier- 
nan Co., 401 South Williams St., Denver, 
Colo. 

Davis, Charles A., City Sanitary Engr., City 
and County Bldg., Denver, Colo. 

Denver Public Library, Att: Mr. F. M. 
Veatch, Technical Dept., Civie Center, 
Denver, Colo. 

Donnell, Geo. M., Consulting Engineer, Wor- 
land, Wyo. 

Dorr Company, Ine., The, Att: E. C. Reybold, 
Secy. Rep., 1009 17th St., Denver, Colo. 
Downing, Roderick L., Assoc. Prof. of Civil 
Engineering, University of Colorado, 983 

14th St., Boulder, Colo. 

Elliot, S. F., City Engineer, City Hall, Pueblo, 
Colo. 

Gross, Dwight D., Chief Engr., Bd. of Water 
Commissioners, City and County Bldg., 
Denver, Colo. 

Hendrie & Bolthoff Mfg. & Supply Co., Att: 
Capt. J. S. Smith, Vice Pres., Rep., 1635 
17th St., Denver, Colo. 

Howe, Benn V., State Sanitary Engineer, 
428 State Office Bldg., Denver, Colo. 

Howell, Eugene, Asst. State Sanitary Engi- 
neer, 428 State Office Bldg., Denver, Colo. 

Kepner, Dana E., 1921 Blake St., Denver, 
Colo. 


Lock Joint Pipe Co., Att: Mr. Wm. B. Free- 
man Branch Mgr., 1716 California St., 
Denver, Colo. 

McClintock, H. C., City Manager, Boulder, 
Colo. 

McCullough, Jay W., 215 Majestic Bldg., 
Denver, Colo. 

McQuaid, Dan J., Consulting Engr., 614 
Cooper Bldg., Denver, Colo. 

Moodey, T. B., City Engineer, City Hall, 
Greeley, Colo. 

New Mexico Bureau of Public Health, Att: 
Mr. Paul S. Fox, San. Engr., P.O. Box 711, 
Santa Fe, N. M. 

Olmsted, P. S., Sales Rep., General Chemical 
Co., 1271 W. Bayaud St., Denver, Colo. 
Osborn, L. C., City Engineer, Loveland, Colo. 
Pacific Flush Tank Co., 4241 Ravenswood 

Ave., Chicago, Ill. 

Shirk, J. M., Director of Community Sani- 
tation, ¢/o State Board of Health, State 
House, Cheyenne, Wyo. 

Slee, Angus E., City Engineer, City Hall, 
Longmont, Colo. 

Soderstrum, J. P., City Mgr., City Hall, 
Grand Junction, Colo. 

Streeter, Robert L., Civil Engr., Gillette, Wyo. 

West, Paul L., City Comm., City Hall, Pueblo, 
Colo. 

Williams, L. O., State Sanitary Engineer, 
State House, Cheyenne, Wyo. 


Sewage Division, Texas Section, S. W. W. A. 


V. M. Ehlers, Secretary, State Department of Health, Austin, Texas 


Becker, Philip G., Jr., 1009 Orange St., Fort 
Worth, Texas. 

Billing, L. C., 5935 Monticello, Dallas, Texas. 

Cherry, R. L., Dr., Director, Public Health 
District No. 3, Kaufman, Texas. 

Connell, C. H., Dr., 4516 Shoalwood, Austin, 
Texas. 

Dashiell, A. M., Dr., Director, Public Health 

District No. 4, Bryan, Texas. 


Dickon, D. B., Supt. and Chemist, Water Puri- 
fication Plant, Wichita Falls, Texas. 

Hatch, G. M., Sanitary Engineer, City Health 
Dept., Dallas, Texas. 

Joiner, W. N., Water Works Supt., San 
Marcos, Texas. 

Livingston, L. E., 3921 Purdue St., Dallas, 
Texas. 
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Mahlie, W. S., City Chemist, Water Filtration 
Plant, Fort Worth, Texas. 

Moor, W. C., Chemist in Charge of Sewage 
Plant, Armour & Company, Stock Yards 
Station, Fort Worth, Texas. 

Puckett, H. H., Dr., 2415 Houston St., San 
Angelo, Texas. 

Sanders, M. K., c/o Greene Bros., 1812 Grif- 
fin St., Dallas, Texas. 

Stanley, Walter 8., Sanitary Engineer, City 
Health Department, San Antonio, Texas. 
Steel, E. W., Prof., Texas A. & M. College, 

College Station, Texas. 
Stein, Alfred E., Box 32, Weslaco, Texas. 
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Waggoner, T. L., Dr., Director, Public Health 
District No. 6, San Angelo, Texas. 

Ward, Joe E., Consulting Engineer, 545 
Harvey Snider Bldg., Wichita Falls, Texas. 

Weiss, R. H., Dist. Sanitary Engr., Public 
Health District No. 6, San Angelo, Texas. 

Whedbee, Edgar, Senior Engineer, City Water 
Department, Dallas, Texas. 

Wilkins, H. J., Bay City, Texas. 

Wolford, R. B., Dr., Director, Public Health 
District No. 2, Mineral Wells, Texas. 

Wood, Harold, Dr., Director, Public Health 
District No. 5, Kingsville, Texas. 

Yaffe, C. D., Supt., State Dept. of Health, 
Columbus, Ohio. 


The Canadian Institute of Sewage and Sanitation 


Albert E. Berry, Secretary-Treasurer, Sanitary Engineering Div., Ontario Dept. of Health, 
Toronto, Ontario, Canada 


Adams, F. P., City Engineer, City Hall, 
Brantford, Ontario, Canada. 
Archibald, 8. W., Cons. Eng., 489 Richmond 


St., London, Ontario, Canada. 


Armstrong, C. G. R., Cons. Eng., Bartlet 
Building, Windsor, Ontario, Canada. 
Babe, W. E., Sales Mgr., Road Materials 


Div., The Pedlar People Limited, Oshawa, 
Ontario, Canada. 

Baird, E. M., Town Eng., 11 Avalon Blvd., 
Scarborough, Ontario, Canada. 

Ball, Frank C., Sewer Eng., City Hall, Lon- 
don, Ontario, Canada. 

Barry, David, Major, Eng., National Defence 
Canadian Bldg., Ottawa, Ontario, Canada. 
Berry, A. E., Director, Sanitary Eng. Div., 
Ontario Dept. of Health, 235 Gainsboro 

Road, Toronto, Ontario, Canada. 


Bieth, Robert, Mayor, Preston, Ontario, 
Canada. 

Bird, T. A., Asst. Sewage Disp. Opr., 69 
Wharnceliffe Drive, So., London, Ontario, 
Canada. 

Bowness, G. W., Gen. Mgr. Nichols Eng. & 
Research Corp. of Canada, Ltd., Univ. 


Tower Blvd., Montreal, Quebec, Canada. 

Bradley, Harold D., Deputy St. Comm., 90 
Albert St., Toronto, Ontario, Canada. 

Brakenridge, Charles, City Engr., City Hall, 
Vancouver, British Columbia. 

Brereton, W. P., City Eng., 223 James Ave., 
Winnipeg, Manitoba, Canada. 

Bryce, W. F. M., Sewer Eng., Transportation 
Bldg., Ottawa, Ontario, Canada. 

Burnett, A. H., Supt., Union Sewerage Comm., 
Town Hall, Mimico, Ontario, Canada. 


Byram, Arthur T., Asst. San. Eng., Ontario 
Dept. of Health, 312—A Quebee Ave., To- 
ronto, Ontario, Canada. 

Casey, William, Pres., Canadian Locomotive 
Co., Ltd., Kingston, Ontario, Canada. 

Chamberlain, C. C., Supt., Township of York 
Disposal Plant, 40 Jarvis St., Toronto, On- 
tario, Canada. 

Cleveland, E. A., 
Dists. Joint Sewerage and Drainage 
1303 Sun Blvd., Vancouver, British Colum- 
bia. 

Cit, D. P., 
Dundas, Ontario, Canada. 

Collins, W. H., Sewer Eng., City of Hamilton, 
16 Senator Ave., Hamilton, Canada. 

Cousineau, A., Supt. Engr. Div. of Sanitation, 
Dept. of Health, City Hall Annex, Montreal, 
P. Q., Canada. 

Cyr, Rene, Asst. Chief Engr., Ministry of 
Health, 89 E. Notre Dame St., Montreal, 
Quebee, Canada. 

D’Aeth, J. B., Fraser, Brace, Ltd., 107 Craig 
St., Montreal, P. Q., Canada. 

Darling, E. H., Cons. Eng., 513 Pigott Blig., 
Hamilton, Ontario, Canada. 

Dauberger, Lorne R., 217 Lancaster St., E., 
Kitehener, Ontario, Canada. 

Durrant, W. K. F., Chief Opr., Sewage Dis- 
posal Works, P.O. Box 438, Moose Jaw, 
Saskatchewan, Canada. 

Fdmonds, W. R., Asst. San. Engr., Ont. Dept. 
of Health, 25 St. Leonards Ave., Toronto, 
Ontario, Canada. 

Ernst, Sphriam, Supt. Main Sewage Plant, 
531 Mill St., Kitchener, Ontario, Canada. 


Chairman Vancouver and 
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Chairman—Sewers Committee, 
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Ferguson, G. H., Chief Engineer, Dept. of 
Pensions and National Health, Daly Build- 
ing, Ottawa, Ontario, Canada. 

Foggie, J., Chief Sanitary Inspector, Dept. of 
Health and Public Welfare, Legislative 
Bldg., Winnipeg, Manitoba. 
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Stadt. Chem. 
18, Stuttgart, Germany. 


Essen-Staat 


Untersuchungsamt Forststr. 


Viehl, K., Dr., Krosigkstr. 9, Leipzig N. 22, 
Germany. 

Zeitungen fur Postamt, Weisbaden 1, Ger 
many. 

Zeitungen fur Postamt, Nuernberg 2, Zeit 
ungszustellung, Germany. 


Holland 
Dorr-Oliver-N. V., P.O. Box 59, The Hague, 
Holland. 


Hoogterp, C. A., e/o Dorr-Oliver N. V., P.O. 
Box 59, The Hague, Holland. 

Kirberger & Kesper, Ltd., 153 Rokin & 1 
Doelenstraat, Amsterdam, Holland. 

Oostwoud Wijdenes, Ir. J. M. J. W., Al 
berdingk Thijmlaan 4, Bussum, Holland. 

Post Office, La Hague, Holland. 

Zee, H. v. d., Dr., Roerstraat 76, Amster 
dam (Z), Holland. 
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Kozponti Csatorna es Szivattyutelep, Goro 
ksari ut 31, Budapest IX, Hunary. 
**Studium’’ Buchhandlung, Keeskemeti 
U. 8, Budapest IV, Hungary. 


India 
Bhawnani & Sons, Messrs., Connaught Place, 
New Delhi, India. 
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Chief Engineer, The Public Health Dept., 
Engineering Branch, 3 Charnock Place,. 
Caleutta, India. 

Dani, P. P., B. E., c/o Messrs. Duncan 
Stratton & Co., 5 Bank St., Fort Bombay, 
India. 

Director, The, All India Institute of Hy- 
giene (Sanitary Engineering Dept.), Cal- 
eutta, India. 

Divisional Engineer, The, Maintenance Div., 
Drainage Dept., Hyderabad-Deccan, 
India. 

Dyer, Brian R., c/o Dr. W. P. Jacocks, Hotel 
Cecil, Delhi, India. 

King Institute, Director, Guindy, Saidapet 
P.O., Madras, India. 

Mehta, R. S., State Engineer, Drainage Sec- 
tion, Bhavnagar, P.W.D., India. 


Treland 
Herlihy, D. F., 6 Rosmeen Gardens, Dun 
Laoghaire Co., Dublin, Ireland. 
The Library, Periodical Dept., University 
College, Cork, Ireland. 


Italy 

DeGiorgi & K. Mengis, Ingg. U. A., Via 
Antonio Canova, 27, Milano (126), Italy. 

Dorr-Oliver, S. A. I., Corso del Littorio 3, 
Milano, Italy. 

Ente Autonomo, Acquedotto Pugliese, Fog- 
gia, Italy. 

Neri, Filippo Prof., Direttore dell Istituto 
d’igene e Batterislogie dell R. Universita 
Via S. Giacomo 12, Bologna, Italy. 

Rosenberg, E. Romano, Sig., Via Mezzo- 
cannone, 31, Naples (70), Italy. 

Societa Italiana per Acquedotti e Fogna- 
ture, Via Clerici No. 2, Milano, Italy. 
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‘“‘DOBOKU’’ Engineering College, Kyushu 
Imperial University, Fukuoka, Japan. 
Furitsu Ikadaigaku, Chuotoshokan, Kawara- 
machi Hirokoji, Kyoto, Japan. 
Gesui Ka’’, ¢/o Maruzen Co. Ltd. (Branch 
Office, Sanjo Dori), Kyoto, Japan. 
Hirose, K. Prof., Dr., c/o Institute of Civil 
Engineering (Doboku-Kyoshitsu) Faculty 
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Ito, Sumio, 9 Komatsu-Cho 1-chome, Chi- 
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Niigata-Ika-Daigaku-Toshokan. (Niigata 
Medical College Library), Niigata, Japan. 
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Nonaka, Hachiro, ¢/o Mr. Ueda, No. 30 
Miyazono-Dor 5 Chome Nakano-Ku 
Tokyo, Japan. 

Osaka Shiritsu Eisei Shikensho, The, Kita 
Ohgimachi Kitaku, Osaka, Japan. 

Sawatake, Keizo, c/o Nagoya-Shiuakusho, 
‘*Suidobu-Gesuika,’’ Nagoya, Japan. 

Shibata, Saburo, ¢/o Mikawashima-Osui- 
Shobunjo, Mikawashima-Machi, Arakawa- 
Ku, Tokyo, Japan. 

Suidobu Shomuka, The, c/o Maruzen Co., 
Kobe Branch, Akashimach, <obe, Japan. 

Suidobu, O. S., The, c/o Maruzen Co., Osaka 
Branch, Bakuromachi, Osaka, Japan. 

Tanaka, Akira, No. 301 Asagaya 3-Chome, 
Suginami-ku, Tokyo, Japan. 

Tokyoshi-Suidoo-Kyoku (Gesuika) (Tokyo 
City Office), Marunouchi, Tokyo, Japan. 

Yokohama Water Works Office, Yokohama 
City Office, Yokohama, Japan. 

Yonemoto, S., Cons. Engineer of the Pub- 
lic Works Bureau of Home Dept., 98 
1-Chome, Sugamo-machi, Tokyo, Japan. 


Mexico 
Villa-Acosta, Alfonso, Calle de la Rosa 213, 
Mexico, D. F. 


New Zealand 
Under-Secretary, The, Dept. of Internal 
Affairs, Wellington, N. Z. 
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zawa, Poland. 

Panstwowy Zaklad Higjeny, Biblioteke, Ul. 
Chocimska 24, Warszawa, Poland. 


Portugal 
Garcia, Raul Ressano, R. Visconde de Luz 
56, Caseaes, Portugal. 








404 


Prazeres, Agnelo C., 14- R. Joaquim Boni- 
facio, Lisbon, Portugal. 
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Bibliogr. Sektoru Gosud., Nautschn. Bib-ki 
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Fund. Bib-ke Neningr. Ins-ta, Inzhenerov 


S., Prof. Nowaja Basmannaja, 


Kommun. Str-Stva, Mezhdunarodnyj pr. 
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Gorjk. Obl. Nauchnoj., Biblioteke NKTP, 
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torii, Kremlj 2, Gorjkij, U. S. S. R. 
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14, Charkow, U.S. S. R. 
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lovoi Dvor-IV Podiesd, Moscow, U. S. S. 
R. 
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R. 
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Vses. Nauchn. Issl. In-Tu, ‘‘Vodgeo’’ B. 
Kochki 17A, Moskva 48, U. 8. S. R. 
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Trongate, Glasgow, Scotland. 
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ton, Glasgow, Scotland. 

Stephen, F. M., Esq., County Drainage En- 
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Thomson, Esq. A. L., Sewage Works Man- 
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Aguirre, Eduardo, Ing. Jefe., Departamento 
de Hidraulica, Direccion de Obras Pub- 
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Altoberro, J. C., 2029 Charrua St., Monte- 
video, Uruguay, S. A. 

Biblioteca da Facultad de Ingenieria, Cer- 
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Municipal Engineer, The, Municipal Offices, 
Sewerage Dept., Singapore, Straits Set- 
tlements. 
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A.-B. Gleerupska Univ. Bokhandeln, Lund, 
Sweden. 
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Kgl. Tekniska, Hogskolans, Bibliotek Val- 
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Tillsynsmyndigliet, roronde Vattenfaroren- 
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Vattenbyggndasbyran, A.-B., Humlegarsga- 
tan 29, Stockholm, Sweden. 
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Versuchsanstalt f. Wasserbau, E. T. H., 
Beratungsstelle f. Abwasserreinigung & 
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Waser, E., Prof. Dr., Kantonschemiker, 15 
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Robert College, Library, Bebek, Istanbul, 
Turkey. 
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Schwentner, Herrn L., Ijubjana, Jugo- 
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Arizona Sewage and Water Works Association 
Hirecock, Charles, 322 W. B Ave., Glendale, 
Ariz. 


California Sewage Works Association 
MeMillan, John D., City Hall, Newport 
Beach, Calif. 


Central States Sewage Works Association 

Larson, Jarl E., General Delivery, Omaha, 
Nebr. 

Neumack, Geo., 426 Briar Place, Apt. 7E, 
Chicago, Ill. 

Ruchhoft, C. C., Principal Chemist, U. S. 
Publie Health Service, 1814 Andina Ave., 
Cincinnati, Ohio. 

Zack, 8. I., Sanitary Engineer, c/o Filtra- 
tion Equipment Corp., 10 E. 40th St., 
New York, N. Y. 

Iowa Wastes Disposal Association 
Anderson, M. H., Sanitary Engineer, Polk 


County Health Unit, Room 14, City Hall, 
Des Moines, Iowa. 


Maryland-Delaware Water and Sewerage As- 
sociation 

Clement, R. C., 6629 32nd St., N.W., Wash- 

ington, D. C. 





Missouri Water and Sewerage Conf. 


Logan, John A., Prof., Department of Engi- 
neering, University of Missouri, Colum- 
bia, Mo. 


Sewage Division, Texas Section, 8. W. W. A. 


Berg, E. J. M., Route 7, Box 186, San 
Antonio, Texas. 


The Canadian Institute on Sewage and Sani- 
tation 


Bell, Dr. W. J., Pres., Canadian Centrifugal 
Corp., 903 C. P. R. Bldg., Toronto, Ont., 
Canada. 


The Institution of Sanitary Engineers, Eng- 
land 


Ballantine, C. H., P.O. Box 6468, Johannes- 
burg, S. Africa. 

Goodfellow, J., 68 Higham Road, Totten- 
ham, London N.17, England. 

Lindsley, R. V., Merton House, 6 East Acton 
Lane, Acton, London W.3, England. 

Quaraishi, G, S., 251/1 Ramswami Qrs., 
Karachi, India. 

Webster, K. C., 19 Hoofd St., Boksburg, 

Transvaal, S. Africa. 














